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Preface 


This  book  doesn’t  make  promise  but  provides  complete  satisfaction  to  the  readers.  The 
market  scenario  is  confusing  and  readers  don’t  find  the  optimum  quality  books.  This  book  provides 
complete  set  of  problems  appeared  in  competition  exams  as  well  as  fresh  set  of  problems. 

The  book  is  categorized  into  units  which  are  then  sub-divided  into  chapters  and  the  concepts 
of  the  problems  are  addressed  in  the  relevant  chapters.  The  aim  of  the  book  is  to  avoid  the 
unnecessary  elaboration  and  highlights  only  those  concepts  and  techniques  which  are  absolutely 
necessary.  Again  time  is  a  critical  factor  both  from  the  point  of  view  of  preparation  duration  and  time 
taken  for  solving  each  problem  in  the  examination.  So  the  problems  solving  methods  in  the  book  are 
those  which  take  the  least  distance  to  the  solution. 

But  however  to  make  a  comment  that  this  book  is  absolute  for  GATE  preparation  will  be  an 
inappropriate  one.  The  theory  for  the  preparation  of  the  examination  should  be  followed  from  the 
standard  books.  But  for  a  wide  collection  of  problems,  for  a  variety  of  problems  and  the  efficient  way 
of  solving  them,  what  one  needs  to  go  through  is  there  in  the  book.  Each  unit  (e.g.  Networks)  is 
subdivided  into  average  seven  number  of  chapters  on  an  average  each  of  which  contains  40  problems 
which  are  selected  so  as  to  avoid  unnecessary  redundancy  and  highly  needed  completeness. 

I  shall  appreciate  and  greatly  acknowledge  the  comments  and  suggestion  from  the  users  of 
this  book. 


R.  K.  Kanodia 

rajkumar.kanodia@nodia.co. in 
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CHAPTER 

1.1 

BASIC  CONCEPTS 


5)  A  solid  copper  sphere,  10  cm  in  diameter  is  deprived 
of  1020  electrons  by  a  charging  scheme.  The  charge  on 
the  sphere  is 

(A)  160.2  C  (B)  -160.2  C 

(C)  16.02  C  (D)  -16.02  C 

3  A  lightning  bolt  carrying  15,000  A  lasts  for  100  ps.  If 

the  lightning  strikes  an  airplane  flying  at  2  km,  the 

charge  deposited  on  the  plane  is 

(A)  13.33  pC  (B)  75  C 

(C)  1500  pC  (D)  1.5  C 

3  If  120  C  of  charge  passes  through  an  electric 
conductor  in  60  sec,  the  current  in  the  conductor  is 
(A)  0.5  A  (B)  2  A 

(C)  3.33  mA  (D)  0.3  mA 

]  The  energy  required  to  move  120  coulomb  through 
3  V  is 

(A)  25  mJ  (B)  360  J 

(C)  40  J  (D)  2.78  mJ 

3  t  =  ? 


(A)  1  A  (B)  2  A 

(C)  3  A  (D)  4  A 

3  In  the  circuit  of  fig  PI.  1.6  a  charge  of  600  C  is 
delivered  to  the  100  V  source  in  a  1  minute.  The  value 
of  c,  must  be 


o 


-Q- 

100  V 

Fig.  P.1.1.6 


(A)  240  V  (B)  120  V 

(C)  60  V  (D)  30  V 

!  In  the  circuit  of  the  fig  PI.  1.7,  the  value  of  the 
voltage  source  E  is 


Fig.  P.1.1.7 


(A)  -16  V 
(C)  -6  V 


Fig.  P.1.1.5 
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(b)  4  V 
(D)  16  V 
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Networks 


3  Consider  the  circuit  graph  shown  in  fig.  PI. 1.8.  Each 
branch  of  circuit  graph  represent  a  circuit  element.  The 
value  of  voltage  v1  is 


+  105V-  -15V+  -10V  + 


(A)  -30  V 
(C)  -20  V 


(B)  25  V 
(D)  15  V 


For  the  circuit  shown  in  fig  P.1.1.9  the  value  of 
voltage  v0  is 


5Q 

Wr 


v„  15  V' 


6  (biA 


Fig.  P.1.1.9 


(A)  10  V 
(C)  20  V 


E0  -Rr  =  ? 


(B)  15  V 

(D)  None  of  the  above 


60  n 


(A)  25  Q 
(C)  100  Q 


(B)  50  Q 
(D)  2000  Q 


EO  Twelve  6  Q  resistor  are  used  as  edge  to  form  a  cube. 
The  resistance  between  two  diagonally  opposite  corner 
of  the  cube  is 


(A)  -Q 

6 

(C)  5  Q 


(B)  -  Q 
5 

(D)  6  Cl 


m 


V,  =  f 


+  v1  - 


5  V 


(A)  -11  V 
(C)  8  V 


(B)  5  V 
(D)  18  V 


The  voltage  va  in  fig.  PI. 1.11  is  always  equal  to 
1 A 


5  V 


(A)  1  V 
(C)  9  V 


E0^9=? 

5  n 

O — vw 


Fig.  PI. 1.11 

(B)  5  V 

(D)  None  of  the  above 


ion 

-WV 


1  ion 


ion 

-aa/v 


'  ion 


ion 

-AAA/ - 


10  n  up  to  co 


(A)  11.86  Q 
(C)  25  Q 


Fig.  PI. 1.14 

(B)  10  Q 
(D)  11.18  Q 


-  ? 


iso  n 


iso  n 


(A)  320  V 
(C)  240  V 


(B)  280  V 
(D)  200  V 
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Networks 


^3  Let  i(t)  =  3te~100‘  A  and  v{t)  =0.6(0.01  - t)e~100‘  V  for 
the  network  of  fig.  P.1.1.24.  The  power  being  absorbed 
by  the  network  element  at  t  =  5  ms  is 


v„h  =  ! 


(A)  18.4  pW 
(C)  16.6  pW 


Fig.  P.1.1.24 

(B)  9.2  pW 
(D)  8.3  pW 


In  the  circuit  of  fig.  P.1.1.25  bulb  A  uses  36  W  when 

lit,  bulb  B  uses  24  W  when  lit,  and  bulb  C  uses  14.4  W 

when  lit.  The  additional  A  bulbs  in  parallel  to  this 

circuit,  that  would  be  required  to  blow  the  fuse  is 
20  A 


12  V 


(A)  4 
(C)  6 


p 

© 

© 

A 

B 

Fig.  P.1.1.25 

(B)  5 
(D)  7 


ETA  In  the  circuit  of  fig.  P.1.1.26,  the  power  absorbed  by 
the  load  RL  is 


ivQ 


in . 


r,=  2  a 


(A)  2  W 
(C)  6  W 


Fig.  P.1.1.26 

(B)  4  W 
(D)  8  W 


=  ? 


^  5  Cl  0.3^!^ 

^  18  n< 

Fig.  P.1.1.27 


(A)  6  V 
(C)  -12  V 


(B)  -6  V 
(D)  12  V 


(A)  15.4  V 
(C)  -2.6  V 


(B)  2.6  V 
(D)  15.4  V 


til  In  the  circuit  of  fig.  P.1.1.29  power  is  delivered  by 

500  n  400  n 


40  V 


1 - Wv - 

4 

— m — 

(p  *•< 

>  < 

200  n 


Fig.  P.1.1.29 

(A)  dependent  source  of  192  W 

(B)  dependent  source  of  368  W 

(C)  independent  source  of  16  W 

(D)  independent  source  of  40  W 

5TB  The  dependent  source  in  fig.  P.1.1.30 


20  V 


(A)  delivers  80  W 
(C)  absorbs  40  W 


Fig.  P.l.l. 30 

(B)  delivers  40  W 
(D)  absorbs  80  W 


In  the  circuit  of  fig.  P.1.1.31  dependent  source 


4  A 
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(A)  supplies  16  W 

(C)  supplies  32  W 
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(D)  absorbs  32  W 
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Chap  1.1 


EE1 A  capacitor  is  charged  by  a  constant  current  of  2  mA 

and  results  in  a  voltage  increase  of  12  V  in  a  10  sec 

interval.  The  value  of  capacitance  is 

(A)  0.75  mF  (B)  1.33  mF 

(C)  0.6  mF  (D)  1.67  mF 


The  energy  required  to  charge  a  10  pF  capacitor  to 
100  V  is 

(A)  0.10  J  (B)  0.05  J 

(C)  5  x  10  9  J  (D)  10  x  109  J 


^3  The  current  in  a  100  pF  capacitor  is  shown  in  fig. 
P.1.1.34.  If  capacitor  is  initially  uncharged,  then  the 
waveform  for  the  voltage  across  it  is 

i(  mA) 


33  The  voltage  across  a  100  pF  capacitor  is  shown  in 
fig.  P.1.1.35.  The  waveform  for  the  current  in  the 
capacitor  is 


V 


12  3 

Fig.  P.1.1.35 


i(mA) 

6  I— 


1 


2  3 


£(ms) 


(A) 


i(mA) 

6  — 


1 


(C) 


£(ms) 


i(mA) 
600  — 


1 


2  3 


£(ms) 


(B) 


i(mA) 


600 

2  3 

1 

(D) 


£(ms) 


5TS1  The  waveform  for  the  current  in  a  200  pF  capacitor 
is  shown  in  fig.  P.1.1.36  The  waveform  for  the  capacitor 
voltage  is 


i(  mA) 


4 


£(ms) 


Fig.  P.  1.1.36 


£(ms) 


£(ms) 


(C) 


(D) 


■a  ceq = ? 


2.5  [iF 


II 

II 

1.5  [iF 

IfF  = 

II 

2  nF 

Fig.  P.1.1.37 


(A)  3.5  pF  (B)  1.2  pF 

(C)  2.4  pF  (D)  2.6  pF 


^3  In  the  circuit  shown  in  fig.  P.1.1.38 


iln(t)  =  300  sin  20 1  mA,  for  t  >  0. 


■c - - - - 

Fig.  P.  1.1.38 


Let  C|  =40  pF  and  C2  =30  pF.  All  capacitors  are 
initially  uncharged.  The  vin(t)  would  be 
(A)  -0.25cos  20f  V  (B)  0.25cos  20 1  V 

(C)  -36cos  20 1  mV  (D)  36cos  20£  mV 
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SOLUTIONS 

1.  (C)  n  =  10  20,  Q=ne=  elO20  =  16.02  C 
Charge  on  sphere  will  be  positive. 

2.  (D)  AQ  =  i  x  A  t  =  15000  x  lOOp  =  1.5  C 

3.  (B)  i  =^0-  =  — =2  A 

dt  60 

4.  (B)  W  =Qv  =  360  J 


v3  -  30  =  v2  =>  v3  =  65  V 

105  +  v4  -  v3  -  65  =0  =>  v4  =25  V 

i>4  +  15  -55  +  v1  =0  =>  Pj  =15  V 

9.  (B)  Voltage  is  constant  because  of  15  V  source. 

10.  (C)  Voltage  across  60  Q  resistor  =  30  V 

Current  =—  =0.5  A 
60 

Voltage  across  is  =70  -20  =50  V 
'lO 

R,  =  —  =  100  Q 
1  0.5 


6.  (A) 


6.  (A)  In  order  for  600  C  charge  to  be  delivered  to  the 
100  V  source,  the  current  must  be  anticlockwise. 
i  _  dQ  =  600  =  1Q  A 

dt  60 

Applying  KVL  we  get 

v1  +  60  - 100  =  10  x  20  or  v,  =240  V 


7.  (A)  Going  from  10  V  to  0  V 


10  +5  +  £  +  1  =  0  or  E=-16  V 


8.  (D)  100  =  65  +  v2  =>  v2  =  35  V 

+  105V-  -15V+  -10V  + 


Fig.  S  1.1.8 


11.  (C)  The  current  i  will  be  distributed  in  the  cube 
branches  symmetrically 


i 

i  3 


Req=^  =  5  0 

i 


12.  (C)  If  we  go  from  +side  of  1  kQ  through  7  V,  6  V  and 
5  V,  we  get  o1=7  +  6-  5  =  8V 

13.  (D)  It  is  not  possible  to  determine  the  voltage  across 
1  A  source. 


10  (R  +5) 

14.  (D)  R  =  5  + - = - 

eq  10  +  5  +  ff 


511 


5n 


^  R2eq  +  15 Req  =5 Req  +  75  +  10 Req  +  50 
=>  ^=7125=1118  0 
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v  -20  vo  20  ,, 

— - +  —  = —  =>  u  =20  V 

5  5  5 

Power  is  P  =  v„  x  —  =  20  x  —  =  80  W 


31.  (D)  Power  P  =  vi  =  2ix  x  ix  =2 i2 
ix  =  4  A,  P  =  32  W  (absorb) 

1  *2  i 

32.  (D)  vt2  -  vtl  =  —  J  idt  =>  12  =  —  2m  (t2  -  tx) 

*  C 


c 

12C=2mx  10 


C  =  1.67  mF 


33.  (B)  £  =-  Cv2  =  5  x  10  6  x  1002  =0.05  J 
2 


-|  2m  -i  rv  -«  s\  —3 

34.  (D)  v=  [  idt  =  -  (2  x  10~3)  =  02  V 

c  c  {  100  x  10~6 

This  0.2  V  increases  linearly  from  0  to  0.2  V.  Then 
current  is  zero.  So  capacitor  hold  this  voltage. 


We  can  say  Cd  =  20  mF,  Ceg  =  20  +  40  =  60  mF 

»c4j 

39.  (C)  iri  = 


1  f 

3(^®  cos  20^1  x  10“3 

60m  V 

■  COS  /U t  X  XU 

20  J 

—  =0.8  sin  600t  mA 

c,  +  c2 

At  t=  2  ms,  ici  =0.75  mA 


40.  (B)  vn  =  Vm  C"1  -  AVu 


C,  +  C2  6  +  4 


=  0.4 


Q 


41.  (D)  V  =2  +  3  +  5=10,  Q=1  C,  C=^=0.1  F 


, .  ,  T  di  .  ..  T  200m 

42.  (A)  v,  =  L  —  =>  100m  =  L - 

L  dt  4m 

43.  (B)  v,  =L  —  =  0.01x2(377  cos  2,11 1)  V 

dt 

=  7.54  cos  377t  V 


L  =2  mH 


35.  (D)  i=C  — 
dt 

For  0  <  t  <  1 ,  C  — =  100xl0~6x  6~°  =  600  mA 
dt  103-0 

For  1ms  <  t  <  2  ms, 

C  —  =  100  x  10"6  x  °  ~6  =  - 600  mA 
dt  (3-2)m 


36.  (B)  For  0  <  t  <  4, 

lr.,  1  r 5m 


=  —\idt  =- 
r  J 


f—  tdt  =  3125t2 

J  Arr, 


CJ  200  x  10“6  J  4m 
At  t  =  4  ms,  vc  =0.05  V 

It  will  be  parabolic  path,  at  t  =  0  t-axis  will  be  tangent. 

37.  (A)  2  pF  is  in  parallel  with  1  pF  and  this 

combination  is  in  series  with  1.5  pF. 

C,  =  -  1)  _  c  is  in  parallel  with  2.5  pF 

1.5  +  2  +  1 

Ceq  =  1  +  2.5  =  3.5  pF 

38.  (A)  C„  =  30x  60  =20  mF,  Cb  =  30(20  +  40)  =20  mF 


30  +  60 


30+20+0 


c„  !  Ci  cb  I  ca 
C,  C,  -►  c.  -*lc9 


©"■  c'== 


c,: 


C,: 


:  60  mF 


Fig.  S  1.1.38 


44.  (A)  i  =—  [  vdt  =^—  f  120  cos  3 1  dt  =  sin  377 1 

T  J  nm  J  377 


0.01 

P=vi  =  12000  X  120  (sin  377t)(cos  377t) 
377 

=  1910  sin  754^  W 


45.  (D)  vL  =L^,  ic=C  dVc 
L  dt  c  dt 


vc  =  3vl 


72  • 

in  =  3 LC  — —  =  -  9.6  sin  At  A 


46.  (B)  vl=L^± 
dt 

For  2  <  t  <  4, 

For  4  <  t  <  8, 

For  8  <t  <10, 


dt 


Vr  =(0.05) 


-100  -0 


=  (0.05)^ 


100  + 100 


Vr  =(0.05) 


4 

0-100 

2 


=  -2.5  V 

=  2.5  V 

=  -2.5  V 


Thus  (B)  is  correct  option. 


47.  (C)  Algebraic  sum  of  the  current  entering  or  leaving 
a  cutset  is  equal  to  0. 

6  16 


+  (4  +  (3  —  0 


h  =  -  7  A, 


2  4 


■L  =  0 


v3=-l  x  3  =  -21V 
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3  Consider  the  following  circuits 


The  planner  circuits  are 
(A)  1  and  2  (B)  2  and  3 

(C)  3  and  4  (D)  4  and  1 

3  Consider  the  following  graphs 


(1) 


(2) 


Non-planner  graphs  are 
(A)  1  and  3  (B)  4  only 

(C)  3  only  (D)  3  and  4 

3  A  graph  of  an  electrical  network  has  4  nodes  and  7 

branches.  The  number  of  links  l,  with  respect  to  the 

chosen  tree,  would  be 

(A)  2  (B)  3 

(C)  4  (D)  5 

3  For  the  graph  shown  in  fig.  P.1.1.4  correct  set  is 


(A) 

(B) 

(C) 

(D) 


Node 

4 

4 

5 
5 


Fig.  P.1.1.4 

Branch  Twigs 


4 

3 

4 
4 


Link 

2 

3 

2 

1 


A  tree  of  the  graph  shown  in  fig.  P.1.2.5  is 
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(A)  a  d  e  h 
(C  )afhg 
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Fig.  P.1.2.5 

(B)  a  c  f  h 
(D)  a  e  f  g 
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1 

-1 

0" 

1 

0 

-1 

(A) 

-1 

0 

1 

(B) 

-1 

-1 

0 

0 

1 

-1 

0 

1 

1 

-1 

-1 

0" 

-1 

0 

1" 

(C) 

0 

1 

1 

(D) 

0 

1 

-1 

1 

0 

-1 

1 

-1 

0 

The  incidence  matrix  of  a  graph  is  as  given  below 

r-i  i  i  o  o  o- 

0  0-1  1  10 

0-1  0-1  0-1 
1  0  0  0  -1  -1 


A  = 


The  graph  is 
2 


(A) 

2 


(B) 

2 


m  The  incidence  matrix  of  a  graph  is  as  given  below 


A  = 


-10  0-1 


0 
1 

1  0 
1  -1  -1 

The  graph  is 


0  0 
0  0 
0 


1 

0 


1 

0 

0 


0  0 

1  1 

0  -1 


0-1-1  0 
0  0  0  0 


(A) 


(B) 


(C) 


(D) 


The  incidence  matrix  of  a  graph  is  as  given  below 


A  = 


-1110  0  0 
0  0-1  1  10 
0-1  0-1  0  0 
1  0  0  0  -1  -1 


The  graph  is 


(A) 


(B) 


(C) 


(D) 


The  graph  of  a  network  is  shown  in  fig.  P.1.1.16.  The 
number  of  possible  tree  are 
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(A)  8 
(C)  16 
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Fig.  P.1.1.16 

(B)  12 
(D)  20 
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The  oriented  graph  of  the  network  is 


(C) 


(D) 


|fj  A  graph  is  shown  in  fig.  P.1.2.24  in  which  twigs  are 
solid  line  and  links  are  dotted  line.  For  this  tree 
fundamental  loop  matrix  is  given  as  below 


B, 


1110 
10  11 


A  graph  is  shown  in  fig.  P.1.2.23  in  which  twigs  are 
solid  line  and  links  are  dotted  line.  For  this  chosen  tree 


fundamental  set  matrix  is  given  below. 


110  0  10 
0-1  1  10  0 
0  0  0  1  1  1 


Fig.  P.  1.2.23 


(A) 


(C) 


(B) 


(D) 


The  oriented  graph  will  be 


Consider  the  graph  shown  in  fig.  P.1.2.25  in  which 
twigs  are  solid  line  and  links  are  dotted  line. 
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Fig.  P.  1.2.25 
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A  fundamental  loop  matrix  for  this  tree  is  given  as 


below 


B„ 


10  0  10  1 
0  10-1-10 
0  0  10  1-1 


The  oriented  graph  will  be 


Mil  In  the  graph  shown  in  fig.  P.1.2.26  solid  lines  are 
twigs  and  dotted  line  are  link.  The  fundamental  loop 
matrix  is 


/*  Cl 

c 

p  N\ 

V 

'  b  d  ’ 

/ 

\ 

\ 

\ 

\ 

\ 

► - ►- - 1 

/ 

/ 

/ 

/ 

/ 

/ 

I 

(D) 


110 
0  1-1 
0  0  0 
-10  1 


0 

1 

1 

0 


0 

0 

1 

1 


0 

0 

1 

0 


0  10 
10  0 
0  0  0 
0  0  1 


Branch  current  and  loop  current  relation  are 
expressed  in  matrix  form  as 


V 

"  0 

1 

-1 

o' 

4 

0 

0 

-1 

1 

h 

1 

0 

0 

-1 

h 

-1 

1 

0 

0 

h 

1 

0 

0 

0 

4 

0 

1 

0 

0 

irj 

0 

0 

1 

0 

_4  _ 

0 

0 

0 

1 

where  i-  represent  branch  current  and  Ik  loop 
current.  The  number  of  independent  node  equation  are 
(A)  4  (B)  5 

(C)  6  (D)  7 

^2  If  the  number  of  branch  in  a  network  is  b,  the 

number  of  nodes  is  n  and  the  number  of  dependent  loop 
is  l,  then  the  number  of  independent  node  equations 
will  be 

(A)  n  +  l  -1  (B)  6-1 

(C)  6-71+1  (D)  77-1 

Statement  for  Q.29-30: 

Branch  current  and  loop  current  relation  are 
expressed  in  matrix  form  as 


(A) 


(B) 


(C) 


8 

h 

'  0 

0 

1 

O' 

Fig.  P.l. 

2.26 

4 

-1 

-1 

-1 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0" 

h 

0 

1 

0 

0 

h 

0 

1 

-1 

-1 

0 

0 

1 

0 

0 

h 

1 

0 

0 

0 

h 

0 

0 

0 

1 

-1 

1 

0 

0 

0 

h 

0 

0 

-1 

-1 

h 

-1 

0 

-1 

0 

-1 

0 

0 

0 

1 

4 

1 

1 

0 

-1 

h 

Irj 

1 

0 

0 

0 

-1 

1 

0 

0 

0 

0 

0 

1 

0" 

4 

0 

0 

0 

1 

0 

-1 

-1 

-1 

0 

0 

1 

0 

0 

0 

0 

0 

-1 

1 

-1 

0 

0 

0 

where  i- 

represent 

branch 

current 

1 

0 

1 

0 

1 

0 

0 

0 

1 

current. 

1 

1 

0 

0 

0 

0 

0 

-1 

0" 

The  rank  of  incidence  matrix 

is 

0 

1 

1 

1 

0 

0 

1 

0 

0 

(A)  4 

(B)  5 

0 

0 

0 

1 

-1 

1 

0 

0 

0 

(C)  6 

0>)  8 

1 

0 

1 

0 

-1 

0 

0 

0 

1 
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Til  The  directed  graph  will  be 


(C) 


(D) 


5  5 


gJJ  A  network  has  8  nodes  and  5  independent  loops. 
The  number  of  branches  in  the  network  is 
(A)  11  (B)  12 

(C)  8  (D)  6 

A  branch  has  6  node  and  9  branch.  The  independent 
loops  are 

(A)  3  (B)  4 

(C)  5  (D)  6 


Statement  for  Q.33-34: 

For  a  network  branch  voltage  and  node  voltage 
relation  are  expressed  in  matrix  form  as  follows: 


X 


|  sf1 

1 

0 

0 

1—1 

v2 

0 

1 

0 

0 

v3 

0 

0 

1 

0 

v4 

0 

0 

0 

1 

v5 

1 

-1 

0 

0 

V6 

0 

1 

-1 

0 

v7 

0 

0 

1 

-1 

_V 

1 

0 

-1 

0 

where  vl  is  the  branch  voltage  and  Vk  is  the  node 
voltage  with  respect  to  datum  node. 

The  independent  mesh  equation  for  this  network 
are 

(A)  4  (B)  5 

(C)  6  (D  7 
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SOLUTIONS 

1.  (A)  The  circuit  1  and  2  are  redrawn  as  below.  3  and  4  can 
not  be  redrawn  on  a  plane  without  crossing  other  branch. 


Fig.  SI. 2.1 

2.  (B)  Other  three  circuits  can  be  drawn  on  plane 
without  crossing 


(3) 

Fig.  SI. 2.1 

3.  (C)  l=b-(n- 1)  =  4. 

4.  (B)  There  are  4  node  and  6  branches. 
t  =  n  - 1  =  3,  l  =  b  -  n  +  1  =  3 

5.  (C)  From  fig.  it  can  be  seen  that  a  f  li  g  is  a  tree  of 
given  graph 


h 


Fig.  S  1.2.5 

6.  (B)  From  fig.  it  can  be  seen  that  a  d  f  is  a  tree. 


C 


7.  (D)  D  is  not  a  tree 


Fig.  S  .1.2.7 

8.  (D)  it  is  obvious  from  the  following  figure  that  1,  3, 
and  4  are  tree 

2  2 


2 


Fig.  S.  1.2.8 
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Page 

19 


GATE  EC  BY  RK  Kanodia 


Networks 


UNIT  1 


So  independent  mesh  equation  =Number  of  link. 

34.  (D)  We  know  that  [oJ=Arr  [VJ 

So  reduced  incidence  matrix  is 
'1  0  0  0  1  0  0  1' 

A_0100-l  1  0  0 

0  0  1  0  0  -1  1  -1 

0001  0  0  -1  0 

Fig.  S  1.2.26 

At  node-1,  three  branch  leaves  so  the  only  option  is  (D). 

This  in  similar  to  matrix  in  (A).  Only  place  of  rows  has 
been  changed. 

27.  (A)  Number  of  branch  =8  *********** 

Number  of  link  =4 

Number  of  twigs  =8-4=4 

Number  of  twigs  =number  of  independent  node 
equation. 

28.  (D)  The  number  of  independent  node  equation  are 
n  - 1. 

29.  (A)  Number  of  branch  6  =  8 
Number  of  link  1=4 
Number  of  twigs  t  =  b  - 1  =  4 
rank  of  matrix  =n-\  =  t  =  4 

30.  (B)  We  know  the  branch  current  and  loop  current 
are  related  as 

[ib]  =  [BT][IL\ 

So  fundamental  loop  matrix  is 
0-101  0  1  1  O' 

0-110  0  100 

1  -1  0  0  -1  0  0  0 

0  0  0  0  -1  -1  0  1 

f-loop  1  include  branch  (2,  4,  6,  7)  and  direction  of 
branch-2  is  opposite  to  other  (B  only). 

31.  (B)  Independent  loops  =link 
l  =  b-(n- 1) 

=>  5=6-7,6  =  12 

32.  (B)  Independent  loop  =link 
l  =  6  -  {n  - 1)  =  4 


33.  (A)  There  are  8  branches  and  4  +  1=5  node 
Number  of  link  =  8-  5  +  l  =  4 
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El  Ui  =  ? 


(A)  0.4us 
(C)  0.67b, 


6 R  3  R 

AAA/ — - m — 


Fig.  PI. 3.1 

(B)  1.5b, 
(D)  2.5i/s 


EK=? 


3  A 


Fig.  PI. 3. 2 

(A)  -11  V  (B)  11  V 

(C)  3  V  (D)  -3  V 


(A)  120  V  (B)  -120  V 

(C)  90  V  (D)  -90  V 


IK  =  ? 


(A)  4.33  V 
(C)  8.67  V 


ion 


(D)  8.18  V 


3  v2  =  ? 


30  n. 


20  n 

-VW 

+  v2  - 


0O.SA  Q 


60  n 

-VW 


10  v 


■  30  n 


(A)  0.5  V 
(C)  1.5  V 


Fig.  PI. 3. 5 

(B)  1.0  V 
(D)  2.0  V 


3  4  =  ? 


64  Cl  37  n 


Fig.  PI. 3. 6 

(A)  0.6  A  (B)  0.5  A 

(C)  0.4  A  (D)  0.3  A 
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3 


u  =  ? 


(A)  3.3  A 
(C)  1.7  A 


EH 


ii  =? 


(A)  1  mA 
(C)  2  mA 


& 


;  =  ? 


6  A 


5Q 


Fig.  PI. 3. 7 

(B)  2.1  A 

(D)  1.1  A 


to  kn 


90  kn 


(B)  1.5  mA 
(D)  2.5  mA 


2  A 


(A)  4  A 
(C)  6  A 


(B)  3  A 
(D)  5  A 


E0 


L  =  ? 


2kn 


- VSA/ - 

45 

)  : 

*  500  n  ^ 

I  15  mA 


(A)  20  mA 
(C)  10  mA 


(B)  15  mA 
(D)  5  mA 


EB 


u  =  ? 


50  fi 


I  0.1  A 


70.06  A 


(A)  0.01  A 
(C)  0.03  A 


Fig.  PI. 3. 11 

(B)  -0.01  A 
(D)  0.02  A 


m  The  value  of  the  current  measured  by  the  ammeter 
in  Fig.  PI. 3. 12  is 


2  A 


(A)  -  A 
3 


(C)  --  A 
6 


(B)  —  A 
3 

(D)  -  A 
9 


4  =  ? 


200  £1 


Fig.  PI. 3. 10 


40  mA  ^ 

^  ioo  n* 

- VSA/ - 

:  o  < 

*5on  ^ 

Fig.  1.3.13 

(A)  10  mA 

(B) 

-10  mA 

(C)  0.4  mA 

(D)  -0.4  mA 

\  10  mA 
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^3  The  values  of  node  voltage  are  va  =  12  V,  vb  =  9.88  V 
and  vc  =  5.29  V.  The  power  supplied  by  the  voltage 
source  is 


6!) 


(A)  19.8  W  (B)  27.3  W 

(C)  46.9  W  (D)  54.6  W 


2fi 


(A)  3  A,  2  A,  and  4  A 
(C)  1  A,  3  A,  and  4  A 

ehk=? 


(B)  3  A,  3  A,  and  8  A 
(D)  1  A,  2  A,  and  8  A 


(A)  -  V  (B)  -  V 

5  5 

(C)  -  V  (D)  -  V 

7  7 

EH  The  mesh  current  equation  for  the  circuit  in  Fig. 
PI. 3. 17  are 


4  n  8n  5  n 


Fig.  1.3.17 


‘  4  -2 

0~ 

V 

12" 

(A) 

1 

to 

oo 

-2 

= 

-8 

0  -2 

5 

3 

20 

"6  -2 

0" 

V 

"12" 

(B) 

2  -12 

2 

h 

= 

8 

0  2 

-7 

_h 

20 

"  6  -2 

0" 

V 

"12" 

(C) 

-2  12 

-2 

= 

8 

O 

1 

to 

7 

_4_ 

20 

"  4  -2 

0" 

"4" 

T2" 

(D) 

to 

1 

oo 

2 

= 

8 

0  2 

-5 

^3  

20 

E0  For  the  circuit  shown  in  Fig.  PI. 3. 18  the  mesh 
equation  are 


6kn 


(A) 

'  6k 

-6k 

-12k 

6k 

-12k" 

-18k 

V 

_ 

-6" 

0 

-lk 

-lk 

0k 

_h_ 

5 

'  6k 

12k 

-12k" 

V 

-6" 

(B) 

-6k 

-6k 

18k 

h 

= 

0 

-lk 

lk 

Ok 

_h_ 

5 

-6k 

-12k 

12k" 

~h 

-6" 

(C) 

6k 

-6k 

18k 

h 

= 

0 

lk 

lk 

Ok 

_h_ 

5 

-6k 

12k 

-12  k" 

~h 

-6" 

(D) 

-6k 

6k 

-18k 

= 

0 

-lk 

lk 

0k 

h 

5 
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The  value  of  i?4  is 
(A)  40 
(C)  5 


(B)  15 
(D)  20 


la  v. 


-  ? 


2.5  kn 


I  4  mA 


(A)  26  V 
(C)  13  V 

ESI  o  =  ? 


(B)  19  V 
(D)  18  V 


(A)  60  V 
(C)  30  V 


Fig.  P.3.1.27 

(B)  -60  V 
(D)  -30  V 


(A)  66.67  mA 
(C)  23.12  mA 


(B)  46.24  mA 
(D)  33.33  mA 


V„  =  ! 


ion 


120  A 


(A)  342  V 
(C)  198  V 

BD  »-  =  ? 


(B)  171  V 
(D)  396  V 


so  n 


iso  n 


(A)  14  mA 
(C)  7  mA 


(B)  -6.5  mA 
(D)  -21  mA 


v ,  =  ' 


50  n 

AAAr 

-  v2  + 


10  V 


6 


'  100  fi 


^>0.04«2 


(A)  5  V 
(C)  3  V 


Fig.  PI. 3. 31 

(B)  75  V 
(D)  10  V 


h=? 


L  =2 


300  Q 


40  V 


©  ^ 


Fig.  PI. 3. 28 


6  V 
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(A)  -1.636  A 
(C)  -2.314  A 

Mvx  =? 


(B)  -3.273  A 
(D)  -4.628  A 


1.6  A 


ioo  n>  0-020,.^^ 


so  n  ?  vx 


(A)  32  V 
(C)  12  V 


Fig.  PI. 3. 33 

(B)  -32  V 
(D)  -12  V 


h  =  f 


lkn 

■A/W 


«6 


3kl2 

-AAAr- 


2kl2 


(A)  4  mA 
(C)  12  mA 


Fig.  PI. 3.34 

(B)  -4  mA 
(D)  -12  mA 


vh=? 


Fig.  PI. 3. 35 

(A)  1  V  (B)  1.5  V 

(C)  4  V  (D)  6  V 

mi  vx =? 


fflva  =  ? 


(A)  25.91  V  (B)  -25.91  V 

(C)  51.82  V  (D)  -51.82  V 


5THI  For  the  circuit  of  Fig.  PI. 3. 38  the  value  of  vs 
will  result  in  u,  =  0,  is 

3  A  2  A 


48  V 


(A)  28  V 
(C)  14  V 


Fig.  PI. 3. 38 

(B)  -28  V 
(D)  -14  V 


h  ,  h 


L  =  ? 


212 


AAA/ — 


1 5  V 


o  6n> 


18  V 


Fig.  PI. 3. 39 

(A)  2.6  A,  1.4  A  (B)  2.6  A,  -1.4  A 

(C)  1.6  A,  1.35  A  (D)  1.2  A,  -1.35  A 


5012 


2A^ 

^  100  12  < 

>  25iK 

^  so 

— V\A/ - 

Fig.  PI. 3. 36 

(A)  -3  V 

(B)  3  V 

(C)  10  V 

(D) 

-10  V 

►  0.2ur 


v1 


=  ? 


312 


,  that 
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(A)  10  V 
(C)  7  V 

Mv=? 


(B)  -10  V 
(D)  -7  V 


0.3  A 


(A)  9  V 
(C)  10  V 


(B)  -9  V 
(D)  -10  V 


S3  The  power  being  dissipated  in  the  2  Q  resistor  in  the 
circuit  of  Fig.  PI. 3. 42  is 


30  V 


(A)  76.4  W 
(C)  52.5  W 


(B)  305.6  W 
(D)  210.0  W 


i,  =  '■ 


500  n 


0.6  A 


l.OOli; 


Fig.  PI. 3.43 


(A)  0.12  A 
(C)  0.36  A 


(B)  0.24  A 
(D)  0.48  A 


SOLUTIONS 


1.  (B)  Applying  the  nodal  analysis 

^ s  ,  v. 

v  -  6R  3 R  _  ic.. 

Ul  “  J_  J_  J_  ~  S 

6R  3  R  6  R 

2.  (C)  va  =2(3+1)  +  3(1)  =11  V 


3.  (D)  -  —  +  — +6=9  ^  u,  =-90  V 
60  60 


4.  (C)  — — —  +  —  =  4  =>  o=  8.67  V 
4  2 


5.  (D)  jV+  ^  +10  =Q5  ^  v  =2V 

20  30 

6.  (B)  Using  Thevenin  equivalent  and  source  transform 


5£1 


Vn  = 


25  60 

1  +  2  +  15 

3  11 

- 1 - 1 - 

14  3  15 

25-1523 


=  15.23  V 


1  14 

3 

7.  (A)  i,  = 


=  2.09  A 


10 


64  +  36 


0.5  =0.6  A 


8.  (B)  75  =90kq  +  lOkCq  -7.5m) 

150  =100kq  q  =1.5  mA 

9.  (B)  3  =2 ix  +  3 (q  -  4)  q  =  3  A 

10.  (B)  45  =2kq  +  500  (q  +  15m) 

=>  q  =15  mA 

11.  (D) 

6.6  =50q  +  100(q  +  0.1)  +  40(q  -0.06)  +  60(q  -0.1) 
q  =0.02  A 
www.gatehelp.com 
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38.  (D)  If  14 

Vl  |  ^1  ~  vs 

40  10 

_^_48  = 
10  20 


=  0,  the  dependent  source  is  a  short  circuit 


v1  -  48  _ 
20 


2-3 


v1  =0 


- 1  =>  vs  =  - 14  V 

3  A  2  A 


39.  (D)  ix=ix-  i2 

15  =  44  -2(4  -  i2)  +  6(4  -  i2) 

=>  84-4j2=15  ...(i) 

-18  =24  +  6(4  -  4) 

=>  34-44=9  ...(ii) 

4  =12  A,  4  =-1.35  A 


4  =  30  +  75  +  2  =  329  A  =>  64  =19.75  V 

12 

voltage  across  2  Q  resistor 
30  -19.75=1025  V, 

P  _  (1025)2  =52  53  w 
2 

43.  (A)  vx  =5004 

=  400(4  -0.001OJ  =400(4  -0.541=2004 
180  =5004  +  100(4  -0-6)  +  2004  +  100(4  +  0.00514) 
180  =9004  -  60  +  100  x  0.005  x  2004 
4  =0.12  A 


40.  (B)  14  =  34+14  +  6(4  -2  -7) +  214  +2(4  -7) 
14  =  3(4  -2) 

14  =  34  +  9(4  -2)  +  6(4  -9)  +  2(4  -7) 

14=204  -18-54-14  =>  4  =5  A 

v1  =6(5  -2  -7) +  2  x  3(5  -2)  +  2(5  -7)  =-10  V 


3S1 


41.  (D)  Let  4  and  i2  be  two  loop  current 

0.514  =5004  +500(4  “4)> 
vx  =-5004 

=>  54  -2i2  =0  ...(i) 

500(i2  _  4)  +  900(4  +  0.3)  +  600(4  -0.6)  =0 
-54+204=0.9  ...(ii) 

4  =20  mA,  vx  =-500  x  20m  =-10  V 


42.  (C)  30  =5ia  +  3(4  -2.5)  +  4(4  -2.5+2) 
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9  VTH  >  RtH  ~  ? 


312 


212 


(A)  2  V,  4  Q 
(C)  4  V,  5  Q 


Fig.  P.1.4. 1 

(B)  4  V,  4  Q 
(D)  2  V,  5  fi 


9  >  Rn  -  ? 


20 


20 


(A)  3  A,  —  fi 
3 

(C)  1,5  A,  6  fi 


Fig.  P.1.4.2 

(B)  10  A,  4  fi 

(D)  1.5  A,  4  Q 


I  A  simple  equivalent  circuit  of  the  2  terminal  network 
shown  in  fig.  PI. 4. 4  is 


9  ^TH  >  ^TH  ~  ' 


2  A 


(A)  -2  V,  —  fi 
5 

(C)  IV,5  fi 
6 


Fig.  P.1.4.3 


(B)  2V,-Q 
6 

(D)  -IV,  —  fi 
5 


9  >  Rn  —  ? 


(A)  4  A,  3  fi 
(C)  2  A,  9  fi 


212 


VTH,  RtH 

—i — m — p 

- O 

6A^ 

) 

>  412  312^ 

Fig.  P.1.4.5 

(B)  2A,6fi 
(D)  4  A,  2  fi 
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D 


’th  >  RtH  — 


30  n  25  n 


(A)  -100  V,  75  Q  (B)  155  V,  55  Q 

(C)  155  V,  37  Q  (D)  145  V,  75  Q 


2  ^TS  -  ? 


6!) 


The  value  of  the  parameter  are 


VTH 

Rth 

Rn 

(A) 

4  V 

2  Q 

2  A 

2  Q 

(B) 

4  V 

2  Q 

2  A 

3  Q 

(C) 

8  V 

1.2  Q 

f  A 

1.2  Q 

(D) 

8  V 

5  Q 

|A 

5  Q 

E0 

A  =  ? 

212 

— WV— 

IQ. 

-r — AAA/ — 

l  n 

— AAA/ — 

312 

— AAA/ — 

Fig.  P.1.4. 10 


(A)  6  V  (B)  7  V 

(C)  8  V  (D)  10  V 


Fig.  P.  1.4.7 

(A)3Q  (B)  12  Q 

(C)  6fi  (D)  oo 

3  The  Thevenin  impedance  across  the  terminals  ab  of 
the  network  shown  in  fig.  P.1.4.8  is 


(A)  2  n 
(C)  6.16  Q 


(B)  60 

(D)  -Q 
3 


j  For  In  the  the  circuit  shown  in  fig.  P.1.4.9  a  network 
and  its  Thevenin  and  Norton  equivalent  are  given 

2  12  3  n 


EQ 


b  =  1 


4kl2 

— wv 


i,  4  k!2 


20  V 


12  V 


6 


AAA/ — 


6  k!2 

AAA — 


4  k!2 


3  kfl , 


6 


24  V 


Fig.  P.1.4.11 


(A)  3  A 
(C)  2  mA 


(B)  0.75  mA 
(D)  1.75  mA 


Statement  for  Q.12-13: 

A  circuit  is  given  in  fig.  P.1.4.12-13.  Find  the 
Thevenin  equivalent  as  given  in  question.. 

10  n  _  16  n 


— WV 


5  V 


6 


AAA 


40  n 


Fig.  P.1.4.12-13 


[£[  As  viewed  from  terminal  x  and  x'  is 
(A)  8  V,  6  Q  (B)  5  V,  6  Q 

(C)  5  V,  32  Q  (D)  8  V,  32  Q 
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IBi  As  viewed  from  terminal  y  and  y'  is 
(A)  8  V,  32  Q  (B)  4  V,  32  Q 

(C)  5  V,  6  Q  (D)  7  V,  6  Q 

m  A  practical  DC  current  source  provide  20  kW  to  a 

50  Q  load  and  20  kW  to  a  200  Q  load.  The  maximum 

power,  that  can  drawn  from  it,  is 

(A)  22.5  kW  (B)  45  kW 

(C)  30.3  kW  (D)  40  kW 

Statement  for  Q.15-16: 

In  the  circuit  of  fig.  P.1.4.15-16  when  R  =0  Q  ,  the 
current  iR  equals  10  A. 


S  ^TH  5  -^TH  ~  ' 


40 


2  n 


2n 


V  V  V 

V  V  V 

V  V  V 

p 

>  R  < 

>  20  < 

•  c 

I  4  A 


Fig.  P.1.4.15-16. 

fEl  The  value  of  R,  for  which  it  absorbs  maximum 
power,  is 

(A)  40  (B)  3  Q 

(C)  2  Q  (D)  None  of  the  above 

ffil  The  maximum  power  will  be 

(A)  50  W  (B)  100  W 

(C)  200  W  (D)  value  of  E  is  required 

EH  Consider  a  24  V  battery  of  internal  resistance 
r  =  4Q  connected  to  a  variable  resistance  Rr  .  The  rate 
of  heat  dissipated  in  the  resistor  is  maximum  when  the 
current  drawn  from  the  battery  is  i  .  The  current  drawn 
form  the  battery  will  be  i/2  when  RL  is  equal  to 
(A)  20  (B)4  0 

(C)  8  n  (D)  12  Q 


EH  ijv  ’  Rn  —  ? 


ion 

AW 


2oq^> 


5£2 

AAA — o 


30  n, 


(A)  2  A,  20  Q 
(C)  0  A,  20  Q 


Fig.  P.1.4.18 

(B)  2  A,  -20  Q 
(D)  0  A,  -20  Q 


60 

AW 


3  i 


4> 


4  Q< 


Fig.  PI. 4. 19 


(A)  0  Q 
(C)  2.4  Q 

23  vTH ,  rth  =  ? 


(B)  1.2  Q 
(D)  3.6  Q 


O.lu. 


4> 


4  V 

o 


’50  Ui 


!J  'I'll  Rrp 


Fig.  P.1.4.20 


(A)  8  V,  5  O 
(C)  4  V,  5  Q 


R  =2 
1\,TH 


20 

-WV 


4  V 


©  4> 


(B)  8  V,  10  Q 
(D)  4  V,  10  n 


30 

AW 


Fig.  P.1.4.21 


(A)  3  n 

(C)  5  Q 


(B)  1.2  Q 
(D)  10  Q 


In  the  circuit  shown  in  fig.  P.1.4.22  the  effective 
resistance  faced  by  the  voltage  source  is 

40 


(A)  4  Q 
(C)  2  Q 

www.gatehelp.com 
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(D)  1  Q 
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^tl  In  the  circuit  of  fig.  PI. 4. 23  the  value  of  RTH  at 
terminal  ab  is 


(A)  -3  Q 

(C)  -  -Q 
3 


q 

(B)  -Q 

8 

(D)  None  of  the  above 


R  =  f 

llTH  ■ 


200  n 


(A)  00 


(C)  —  n 
125 


(B)  0 
125 
3 


(D) 


Q 


^3  In  the  circuit  of  fig.  P.1.4.25,  the  R,  will  absorb 
maximum  power  if  RL  is  equal  to 


40  n  too  n 


— m — 

n — VNA/ — 

- 0 - 

6V^ 

^  200  n« 

\i 

>  3i^ 

>  < 

- o - 

Fig.  P.  1.4.25 


...  400  _ 
(A)  — q 
3 


(C)  800 Q 
3 


(B)  -  kQ 
9 

(D)  -  kQ 
9 


Statement  for  Q.26-27: 

In  the  circuit  shown  in  fig.  PI. 4. 2 6-2 7  the 
maximum  power  transfer  condition  is  met  for  the  load 

Rl  . 


ETS1  The  value  of  R,  will  be 


(A)  2  Q  (B)  3  Q 

(C)  1  Q  (D)  None  of  the  above 

^2  The  maximum  power  is 

(A)  0.75  W  (B)  1.5  W 

(C)  2.25  W  (D)  1.125  W 

ET3I  rt11  =  ? 


(A)  100  Q  (B)  136.4  Q 

(C)  200  Q  (D)  272.8  Q 

^2  Consider  the  circuits  shown  in  fig.  P.1.4.29 
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The  relation  between  ia  and  ib  is 
(A)  4=4  +  6  (B)  4=ia+2 

(C)  4  =  1.54  (D)  4  =  4 


ETil  If  vsl  =  6  V  and  vs2  =  -  6  V  then  the  value  of  va  is 
(A)  4  V  (B)  -4  V 

(C)  6  V  (D)  -6  V 


M  K,  =  ? 


12  a  4n 


(A)  18  n 

(C)  —  Q 

13 


(B)  — n 

13 


(D)  9  Q 


J  A  network  N  feeds  a  resistance  R  as  shown  in  fig. 
PI. 4. 34.  Let  the  power  consumed  by  R  be  P.  If  an 
identical  network  is  added  as  shown  in  figure,  the 
power  consumed  by  R  will  be 


Fig.  P.1.4.34 


(A)  equal  to  P  (B)  less  than  P 

(C)  between  P  and  4P  (D)  more  than  4P 


In  the  lattice  network  the  value  of  R,  for  the 
maximum  power  transfer  to  it  is 


in 


Fig.  P.1.4.31 

(A)  6.67  Q  (B)  9  Q 

(C)  6.52  n  (D)  8  Q 

Statement  for  Q.32-33: 

A  circuit  is  shown  in  fig.  P.1.4.32—33. 
12  n 


13  If  vsl  =  vs2  =  6  V  then  the  value  of  va  is 
(A)  3  V  (B)  4  V 


^3  A  certain  network  consists  of  a  large  number  of 
ideal  linear  resistors,  one  of  which  is  R  and  two 
constant  ideal  source.  The  power  consumed  by  R  is  P1 
when  only  the  first  source  is  active,  and  P2  when  only 
the  second  source  is  active.  If  both  sources  are  active 
simultaneously,  then  the  power  consumed  by  R  is 
(A)  P,  ± P2  (B)^±V^ 

(C)  ±  JP2?  (D)  (P,  ±  P2f 

^3  A  battery  has  a  short-circuit  current  of  30  A  and  an 

open  circuit  voltage  of  24  V.  If  the  battery  is  connected 

to  an  electric  bulb  of  resistance  2Q,  the  power 

dissipated  by  the  bulb  is 

(A)  80  W  (B)  1800  W 

(C)  112.5  W  (D)  228  W 

§3  The  following  results  were  obtained  from 
measurements  taken  between  the  two  terminal  of  a 
resistive  network 


Terminal  voltage 

12  V 

0  V 

Terminal  current 

0  A 

1.5  A 

The  Thevenin  resistance  of  the  network  is 
(A)  16  Q  (B)  8  n 


(C)  6  V 


(D)  5  V 


(C)  0 
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ItTH  A  DC  voltmeter  with  a  sensitivity  of  20  kQ/V  is  used 
to  find  the  Thevenin  equivalent  of  a  linear  network. 
Reading  on  two  scales  are  as  follows 

(a)  0  - 10  V  scale  :  4  V 

(b)  0  -15  V  scale  :  5  V 


SOLUTIONS 


-i  mi  (6)(6)  „ 

1.  (B)  vth=——  =  4  V, 
3  +  6 

R  =(311  6)  +  2  =40 


The  Thevenin  voltage  and  the  Thevenin  resistance 
of  the  network  is 

(A)  —  V 
3 


^kQ 

(B)  —  V, 

—  MQ 

3 

3 

15 

—  MQ 

(D)  36  V, 

^kQ 

15 

3 

Consider  the  network  shown  in  fig.  P.  1.4.39. 


Rl 


Fig.  P.1.4.39 


Linear 

Network 


The  power  absorbed  by  load  resistance  RL  is 
shown  in  table  : 


Rl 

10  kQ 

30  kQ 

P 

3.6  MW 

4.8  MW 

The  value  of  RL  ,  that  would  absorb  maximum 
power,  is 

(A)  60  kQ  (B)  100  Q 

(C)  300  Q  (D)  30  kQ 


it  ,  Measurement  made  on  terminal  ah  of  a  circuit  of 
fig.P.  1.4.40  yield  the  current-voltage  characteristics 
shown  in  fig.  P.1.4.40.  The  Thevenin  resistance  is 

Z(mA) 

-o  a 
+ 

Vab 

-o  b 

-4  A3  -2  -1  0  12 

Fig.  P.1.4.40 


^30 

20 

Resistive 

Network 

10 

(A)  300  Q  (B)  -300  Q 

(C)  100  Q  (D)  -100  Q 


2.  (A) 


Fig.  S.  1.4.2 


R * 


=  2114+2  = 


10 

3 


Q, 


15 


1  1 

- 1 - 

2  2 

V-, 


=  6  V 


=  iN  =D_  =  3  A 


3.  (C)  vTH  = 


(2)(3)(1) 

3+3 


=  1V, 


Rth  =1115 


4.  (B)  After  killing  all  source  equivalent  resistance  is  R 
Open  circuit  voltage  =  v1 

5.  (D)  The  short  circuit  current  across  the  terminal  is 


2Q 


— r - VSA/ — 

n - ° — 

6A^ 

) 

>  4  0 

^  3  n 

- O — 

Fig.  SI. 4. 5 


Rn  =6113=20 

6.  (B)  For  the  calculation  of  Rm  if  we  kill  the  sources 
then  20  Q  resistance  is  inactive  because  5  A  source  will 
be  open  circuit 
RTIj  =30  +25  =55  Q, 
vth  =5  +  5x  30  =  155  V 
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7.  (C)  After  killing  the  source,  RTH  =  6Q 

6fi 


8.  (B)  After  killing  all  source, 
Rm  =3116  +  8  118  =  60 


9.  (D)  voc  =  2x2  +  4  =  8  V=vT 
Rth  =  2  +  3=  50  =  Rn,  iN  - 


'JTH  .  —  A 


R th  5 


10.  (A)  If  we  solve  this  circuit  direct,  we  have  to  deal 
with  three  variable.  But  by  simple  manipulation 
variable  can  be  reduced  to  one.  By  changing  the  LHS 
and  RHS  in  Thevenin  equivalent 


l  a 


l  n 


l  a 


Fig.  SI. 4. 10 


12 


_  1+1  1+2  _ 

111 

1  +  1  +  6  +  1  +  2 


6  V 


2  n 


-vw- 

— V\A/ — 

4vC 

D 

6n  < 

^  + 

>  Vl 

C: 

1 12  V 


11.  (B)  If  we  solve  this  circuit  direct,  we  have  to  deal 
with  three  variable.  But  by  simple  manipulation 
variable  can  be  reduced  to  one.  By  changing  the  LHS 
and  RHS  in  Thevenin  equivalent 

20  V 

h  4kn  /  \ 

— WV — 


2kn 

— vw 


2kn 

AAA/ — 


6  V 


6 


6 


8  V 


Fig.  SI. 4. 11 


20-6-8 
2k  +  4k  +  2k 


=  0.75  mA 


12.  (B)  We  Thevenized  the  left  side  of  xx'  and  source 
transformed  right  side  of  yy’ 


4vQ 


A/VV — 

o 


8  V 


Fig.  SI. 4. 12 


8 


Vxx’  -  VTH 


=  8  24  5  y 

1  1  ’ 

8  +  24 
Rth=  8  11(16 +  8)  =  60 


13.  (D)  Thevenin  equivalent  seen  from  terminal  yy'  is 

4  8 

v  =v  =24 _ 8  _7  y 

Uyy 1  -  UTH  ^  “  '  V> 

24  +  8 

=(8  +  16)  II  8  =  60 

14.  (A) 


© 


Fig.  SI. 4. 14 


ir 


50  =20k, 


200  =20k 


r  +  50  J  '  +  200 ) 

(r  +200)2  =4(r  +50)2 
=>  r  = 100  O 

i  =  30  A,  Pmax  = (30)2  X  100  =  22.5  kW 


15.  (C)  Thevenized  the  circuit  across  R,  RTH  =  2  0 

40  2fi  20 


— m — 

- Wv — 

- Wv - 

>  • 

>  40 

>20 

< 

• 

Fig.  SI. 4. 15 

16.  (A)  isc  =10  A,  Rth  =2  0, 
x  2  =  50  W 
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Now  in  this  circuit  all  straight-through  connection 
have  been  cut  as  shown  in  fig.  SI. 4. 32b 

6T> 


v 


a 


6  x  (2  +  3) 
2  +  3+1 


33.  (B)  Since  both  source  have  opposite  polarity,  hence 
short  circuit  the  all  straight-through  connection  as 
shown  in  fig.  S. 1.4.33 


6  x  (6  113) 
2  +  1 


34.  (C)  Let  Thevenin  equivalent  of  both  network 

Rtu  Rth  Rth 


P  = 


P'  = 


VT, 


R th  R 


R 


(  \ 

Vth 

R+ItTH 

2  j 


R=  4 


Vth 

2  R  +  Rr 


R 


Thus  P  <P'  <4P 


36.  (C)  r  =  —  =  1.2  Q 

L 


P=- 


242 


(1.2  +2)2 


X  2  =112.5  W 


71  1  9 

37.  (B)  RTH  =  v^=  —  =  8n 

L  1-5 


38.  (A)  Let 


=  —  =  50  pA 


sensitivity  20  k 

For  0  -10  V  scale  Rm  =  10  x  20k  =200  kQ 

For  0  -50  V  scale  Rm  =  50  x  20k  =  1  MQ 

For  4  V  reading  i  =  —  x  50  =20  pA 
10 

vTH  =  20p Rth  +  20p  x  200k  =  4  +  20pR3.H 
5 

For  5  V  reading  i  =  —  x  50p  =5  pA 

vTH  =  5p  x  Rth  +  5p  x  1M  =  5  +  5p Rth 

Solving  (i)  and  (ii) 

_16  \r  t>  _200 
vTH  -  V,  Rth  -  kO 

39.  (D)  o10k  =  ^/lOkx  3.6m  =  6 
o30k  =  tJ 30k  x  4.8m  =  12  V 

6  =  —  vT„  =>  10vT„  =  6  RTh  +  60 

12  = 


10 

-1  rv  VTH 

10  +  Rth 

=>  10om  =  6Rth 

30  vTH 

30  +  Rth 

5vth  =2  Rth  +  60 

=  30  kQ 

40.  (D)  At  v  =0  ,  isc  =  30  mA 

At  i  =0,  voc  =  -3  V 

Rm  =  V^ -=^-  =-1000 
i  30m 


35.  (C) q 


using  superposition  i  =  q  +  i2 


...(i) 

...(h) 
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3  The  natural  response  of  an  RLC  circuit  is  described 
by  the  differential  equation 

d2v  ~dv  ln  dv(  0) 

—r  +  2—  +  o=0,  v(0)  =  10,  — - — =0. 
dt2  dt  dt 


The  v(t)  is 
(A)  10(1  +  t)e-‘  V 
(C)  10e-'  V 


(B)  10(1  -  t)e~‘  V 
(D)  10 te~‘  V 


3  The  differential  equation  for  the  circuit  shown  in  fig. 
PI. 6.2.  is 


2n 


ImH 


6 


100  £2, 


10  hF 


Fig.  PI. 6.2 

(A)  v"(t)  +  3000v'(t)  +  1.02  X  10 8v(t)  =  108i >s(t) 

(B)  v"(t)  +  1000u'(t)  +  1-02  x  108o(t)  =  108os(t) 

(C)  tS)+  55 +  1-02 v(t)  =  vs(t) 

108  105 

(D)  55  +  55  +  198 v(t)  =  v(t) 


108 


105 


3  The  differential  equation  for  the  circuit  shown  in  fig. 
PI. 6.3  is 


(A)  i'l(t)  +  1100i'i(t)  +  11  x  108iL(t)=108is(t) 

(B)  i'l(t)  +  HOOi^(t)  +  11  x  108  iL(t)  =  10s is(t) 

(C)  55 +  515  +  1  li,M)=  K(t) 


108 


104 


(D) 


i"(t)  ,  11  i'L(t) 


108 


104 


+  11  i,(t)  =  Ut) 


3  In  the  circuit  of  fig.  P.1.6.4  vs  =0  for  t  >  0.  The  initial 
condition  are  v(0)  =  6  V  and  dv(0)/dt  =  -3000  V/s.  The 
v(t)  fort>0  is 


l  H 


■6 


so  n 


25  nF: 


Fig.  PI. 6.4 

(A)  -2e~100t  +  8e“400<  V  (B)  6A100'  +  8e“400t  V 

(C)  6e“100f  -  8e"400‘  V  (D)  None  of  the  above 

The  circuit  shown  in  fig.  PI. 6. 5  has  been  open  for  a 
long  time  before  closing  at  t  =  0.  The  initial  condition  is 
v( 0 )  =2  V.  The  hit)  for  t  >  is 


f=0 


1  Hj 


(A)  5e“*  -7e~3t  V 
(C)  -  e~‘  +  3e”3t  V 


Fig.  P.1.6.5 

(B)  7e“'  -5e~3t  V 

(D)  3e~'  -e"3'  V 
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Statement  for  Q.6-7: 

Circuit  is  shown  in  fig.  P.1.6.  Initial  conditions  are 
4(0)  =  4(0)  =  11  A 

H  2  H  i2 

— /YWi _ _  »- _ 


Fig.  PI. 6. 6-7 

3  4(1  s)  =  ? 

(A)  0.78  A  (B)  1.46  A 

(C)  2.56  A  (D)  3.62  A 


3  4(i  s)  =  ? 

(A)  0.78  A  (B)  1.46  A 

(C)  2.56  A  (D)  3.62  A 

3  uc(t)  =  ?  for  7  >0 


25  mH 


(A)  4e~W00t  -e"2000'  V  (B)  (3  +  6000t)e“2000'  V 

(C)  2e“1000t  +  e~2000t  V  (D)  (3  -  60007)e“2000'  V 

3  The  circuit  shown  in  fig.  PI. 6. 9  is  in  steady  state 
with  switch  open.  At  7  =  0  the  switch  is  closed.  The 
output  voltage  vc(t)  for  7>  0  is 


Fig.  PI. 6.9 

(A)  -9e“400'  +  12e“300* 

(B)  e“400'[3cos  300 7  +  4  sin  3007] 

(C)  e“300'[3cos  400 7  +  4  sin  3007] 

(D)  e“300'[3cos  400 7  +  2.25  sin  30041 


FBI  The  switch  of  the  circuit  shown  in  fig.  PI. 6. 10  is 
opened  at  7  =0  after  long  time.  The  u(t')  ,  for  7  >  0  is 


t= o 


Fig.  PI. 6. 10 

(A)  4e^2'  sin  27  V  (B)  -4e“2'  sin  27  V 

(C)  4e~2'  cos  27  V  (D)  -4e'2i  cos  27  V 

SI  In  the  circuit  of  fig.  PI. 6. 23  the  switch  is  opened  at 
7=0  after  long  time.  The  current  4,(4)  for  7>0  is 


(A)  e  2<(2cos  7  +  4  sin  7)  A  (B)  e  2f(3sin  7  -  4 cos  7)  A 
(C)  e“2‘(-4sin  7  +  2  cos  7)  A  (D)e“2'(2sin  7  -  4 cos  7)  A 


Statement  for  Q.  12-14: 


In  the  circuit  shown  in  fig.  PI. 6. 12-14  all  initial 
condition  are  zero. 


\iL 

u(t)  A  ^ 

*  1  mF  = 

=  10  mH 

^  + 

|  VL 

Fig.  PI. 5.12-14 

m  If  4(4)  =1  A,  then  the  inductor  current  iL(t)  is 


(A)  1  A  (B)  7  A 

(C)  7  +  1  A  (D)  0  A 


FBI  If  is(t)  =0.5t  A,  then 
(A)  0.57  +  3.25  x  10'3  A 
(C)  0.57 -0.25  x  10“3  A 


4(4)  is 

(B)  27-3250  A 
(D)  27+  3250  A 


EH  If  4(7)  =2e“250'  A  then 


(A) 


4000 


te 


(C) 


200 


4(7) 

(B) 

(D) 


is 


4000  g-250/ 
3  6 

200  £g-250t 

7 


A 

A 
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|  The  forced  response  for  the  capacitor  voltage  vf{t)  is 


|  In  the  circuit  shown  in  fig.  P  1.5.19  v{t)  for  t  >0  is 


■4> 


too  n 

-WV 


2 u(-t)  A 


50  n 


|  20  mH 


Fig.  PI. 6.15 

(A)  0.2 1  +  1.17  x  10“3  V  (B)  0.2 t  - 1.17  x  10  3  V 

(C)  1.17  x  10 ~3t  -0.2  V  (D)  1.17  x  10'3  (  +  0.2V 


2Q 


m  For  a  RLC  series  circuit  R  =20  Q  ,  L  =0.6  H,  the 
value  of  C  will  be 

[CD  =critically  damped,  OD  =over  damped, 

UD  =under  damped]. 


CD 

OD 

UD 

(A)  C  =  6mF 

C  >6  mF 

C  <6  mF 

(B)  C  =  6mF 

C<  6  mF 

C  >  6  mF 

(C)  C  >6  mF 

C  =  6  mF 

C  <  6  mF 

(D)  C  <6  mF 

C  =6  mF 

C  >  6  mF 

EH  The  circuit  shown  in  fig.  PI. 6. 17  is  critically 
damped.  The  value  of  R  is 


Fig.  PI. 6.17 


(A)  40  Q  (B)  60  Q 

(C)  120  Q  (D)  180  Q 


m  The  step  response  of  an  RLC  series  circuit  is  given 
by 


d2i(t) 

dt 


2cll(t^  +  5i(t)=10,  i( 0  )  =2, 


di(  0+) 
dt 


(A)  50  -(46.5  sin  3 1  +  62  cos  3 t)e~4t  V 

(B)  50  +  (46.5  sin  3 1  +  62  cos  3*)e"4'  V 

(C)  50  +  (62  cos  4 1  +  46.5  sin  4f)e"3'  V 

(D)  50  -(62  cos  4 1  +  46.5  sin  4 1)  e~3t  V 

ETil  In  the  circuit  of  fig.  PI. 6. 20  the  switch  is  closed  at 
t=  0  after  long  time.  The  current  i(t)  for  t  >  0  is 


Fig.  PI. 6.20 


(A)  -10  sin  8£  A  (B)  10  sin  8 1  A 

(C)-10cos8£A  (D)10cos8£A 

m  In  the  circuit  of  fig.  PI. 6. 21  switch  is  moved  from  8 
V  to  12  V  at  £=0.  The  voltage  v(t)  for  t>  0  is 


vc 


Fig.  PI. 6.21 


2  n 


1  H 

yYYYV 


The  i(t)  is 

(A)  1  +  e~‘  cos  At  A  (B)  4  -  2e_<  cos  At  A 

(C)  2  +  e~‘  sin  At  A  (D)  10  +  e~‘  sin  4f  A 


(A)  12  -(4  cos  2t  +  2  sin  2 t)e~‘  V 

(B)  12  -(4cos2i  +  8sin2De"‘  V 

(C)  12  +  (4cos2£  +  8sin2De“‘  V 

(D)  12  +  (4cos2£  +  2sin2f)e_t  V 
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>%1  In  the  circuit  of  fig.  PI. 5. 22  the  voltage  v(t)  is 


5  h  in 


3 u(t)  A 


Fig.  PI. 6. 22 

(A)  40  -  (20  cos  0.6*  +  15  sin  0.6t)e~osi  V 

(B)  35  +  (15  cos  0.6*  +  20sin0.6*)e“°8'  V 

(C)  35  -  (15  cos  0.6*  +  20  sin  0.6*)  e~° st  V 

(D)  35  - 15  cos  0.6*  e~ost  V 


^3  In  the  circuit  of  fig.  PI. 6. 23  the  switch  is  opened  at 
*  =  0  after  long  time.  The  current  iff)  for  f  >  0  is 


2  A 


(A)  e-2'306'  +  e-°-869t  A 

(B)  -A2'306'  +2e“0-869t  A 

(C)  e“4'431'  +  e“0  903'  A 

(D)  2e“4-431'  _e-0  903'  A 


In  the  circuit  of  fig.  PI. 6. 24  switch  is  moved  from 
position  a  to  b  at  f=0.  The  i,(t)  for  *  >0  is 


^3  In  the  circuit  shown  in  fig.  PI. 6. 2 5  a  steady  state 
has  been  established  before  switch  closed.  The  i(t)  for 
*  >0  is 


5n 


(A)  0.73e“2f  sin  4.58*  A 

(B)  0.89e"2f  sin  6.38*  A 

(C)  0.73e“4'  sin  4.58*  A 

(D)  0.89e"4f  sin  6.38*  A 

The  switch  is  closed  after  long  time  in  the  circuit  of 
fig.  PI. 6. 26.  The  v(t)  for  *>  0  is 


2  A 


(A)  -8  +  6e  3i  sin  At  V 

(B)  -12  +  4e“3'  cos  At  V 

(C)  -12  +  (4 cos  At  +  3sin  4f)e“3'  V 

(D)  -12  +  (4 cos  At  +  6  sin  4*)e-3'  V 


E71  *(*)  =  ? 


Fig.  PI. 6.24 


2kn 


Fig.  PI. 6.27 


(A)  6  -(6cos500*  +  6sin5000*)e“50'  mA 

(B)  8  -  (8  cos  500*  +  0.06  sin  5000*)e"5°‘  mA 

(C)  6  -(6cos5000*  +  0.06 sin 5000*)e“50'  mA 

(D)  6e“50' sin  5000*  mA 


(A)  (4  -  6*)e4t  A 
(C)  (3  -9f)e“5'  A 


(B)  (3  -  6*)e“4'  A 
(D)  (3  -  8*)e“51  A 
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Eftl  In  the  circuit  of  fig.  PI. 6. 28  *( 0)  =  1  A  and  v(0)  =0. 
The  current  *(*)  for  *>  0  is 


4 u(t)  A 


Fig.  PI. 6.28 

(B)  4  -  6.38  e~0  5t  A 


(A)  4  +  6.38  e~°'5t  A 

(C)  4  +  (3 cos  1.32*  +  1.13 sin  1.32*)e'° 51  A 

(D)  4  -(3cos  1.32*  +  1.13 sin  1.32*)e“° 51  A 


SOLUTIONS 


1.  (A)  s2  +  2s +  1=0  =>  s  =  —1,  —  1, 


v(t)  =(Aj  +  A2t)e  * 
dv(  0) 


u(0)  =  10  V, 
At  =  A2  =  10 


dt 


=  0  =  -  1A,  +  A2 


v  „„  „„_6  dv 


2.  (A)  i,  =  —  +  10x  10'b  — 


100 


dt 


Efil  In  the  circuit  of  fig.  PI. 6. 29  a  steady  state  has  been 

established  before  switch  closed.  The  va(t)  for  *>  0  is 

ion 


2n 


ImH 


(A)  100*A1Oi  V 
(C)  400*e"5°‘  V 


Fig.  PI. 6.29 

(B)  200*e-1O(  V 

(D)  800*e“50<  V 


Bill  In  the  circuit  of  fig.  PI. 6. 30  a  steady  state  has  been 
established  before  switch  closed.  The  *(*)  for  *>0  is 


(C)  -2(1  -t)e~2t  A 


(D)  2(1  -*)e"2'  A 


BIB  In  the  circuit  of  fig.  PI. 6. 31  a  steady  state  has  been 
established.  The  *(*)  for  *  >  0  is _ _ 

I' 


3  A 


CD 


10  n>  6«(f)  A  | 


CD  + 


:  10  mi  >40  n 


4H 


Fig.  PI. 6.31 

(A)  9  +  2e~10'  -  8e“2  *  A  (B)  9  -  8e10'  +  2e“2'5!  A 

(C)  9  +  (2  cos  10*  +  sin  10*)e“2'5i  A 

(D)  9  +  (cos  10*  +  2  sin  10*)e“2'5'  A 


6 


ioo  n 


10 


Fig.  SI. 6. 2 


Vs  =2  iL  +  10 


-3  di± 
dt 


=  2 


+  10-  x io-‘  +  lO-f  j- *  +  10  X 10-6  ^ 

100  dt  J  l  100  dt  dt 


+  v 


108  vs(t)  =  v"(t)  +  3000i/(*)  +  1.02 1>(*) 

3.  (C)  i  =^c_  +  i  +  I0n  ^ 
s  100  L  dt 


vc  =  10  iL  +  10 


-3  diL 


dt 

i,  =0.1*,  +  10'5^  +  *,  +10‘5— (10*,  +  10“8^) 
s  L  dt  L  dt  L  dt 


■  di l 
dt 


*"(*)  ,  1.1 


+  It  +  . 


diL 

dt 


10 


-8  d  iL 


dt2 


+  +  1-1*L(*)  =  *s(*) 


108  10 


4.  (A)  —  +  25g  —  +  \{v  -v,)dt  =0 
80  J 


dt 


=>  d^r  +  500  —  +40000=0 
dt 2  dt 

s2  +  500s +  40000=0 

=>  s= -100, -400, 

v(t)  =  Ae-100t  +  Be-i00t 

A  +  B  =  6,  -100A-400B  =-3000  =>  B=8,  A=-2 


5.  (C)  The  characteristic  equation  is  s2  +  — - h - =  0 

RC  LC 
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After  putting  the  values,  s  +  4s  +  3  =  0 

i>(*)  =  Ae~‘  +  Be~3t, 
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a(0+)  =  2  V  =>  A  +  B  =2 
_2__8 
3/4  ”  3’ 

dv(  0+) 


iL(0+)  =  0=>  iR(  0)=  — =4 

,dv( 0+)  _  8 
dt  3 
-A  -  35  =  -8,  B  =  3,  A  =-l 


-C  v  2  =  -  =>  v  =-8, 

dt  3  dt 


6.  (D)  4  +5^-3^=0, 
dt  dt 

2i  3°^ -3  o^=0 

dt  dt 

(1  +  5s)4  -  3sj2  =0,  -3s4  +  (2  +  3s) i2  =0 
(l  +  5s)  _(3s)(3s)t1  =Q 
2  +  3s 

=>  6s2  +  13s  +  2=  0 

=>  s  =  -  — ,  -2 
6 

1 

4  =  A  e*  +  Be'21  ,  i(0)=A  +  B=ll 
In  differential  equation  putting  t  =  0  and  solving 
d4(0+)_  33  di2(  0+)_  143 


dt 


-  —  -2B  =  - 
6  2 


4  =  3e  6  +  8e“2‘, 


2  dt 
33 


A  =  3,  B  =8, 


4(1  s)  =  3e^  +  8e'2=  3.62  A 


7.  (A)  »2  =  Ce  6  +  De~2t 

4,(0)  =11  =  C +  5,  =  -  —  -  2D 

2  dt  6  6 

C  =  -1  and  5  =  12 


L,  =-e  6  +  12e“2'  A,  L  (ls)=e  6  +  12e"2  =0.78  A 


8.  (B)  ac(0+)  =  30m  x  100  =  3  V 
c  dvc(0~)  =  •  (Q-)  _o  =  4(Q+)  =  c  dvc(0+) 


dt 


dt 


100 


25  x  10"3  25  x  10"3  x  10  x  106 

=>  s= -2000, -2000 
vc(t)  =(AX  +  A2£)e“2000' 

+  (Aj  +  A2t)e“2OOO‘(-2000) 


dvc(t) 


dt 

vc(0+)=A1  =3, 


dvc(  0) 
dt 


=  A,  -2000x  3=0 


A2  =  6000 


9.  (B)  oc(0+ )  =  3  V ,  iL(0+ )  =  -12  mA 

^-  +  iL  +  5x  10'6  °^=0 
250  dt 


3 

250 


lO  c  ln-6^c(0+)  A 

-  12m  +  5  x  10  — - - =0 

dt 


dvc(0+) 

dt 


=  0 


=  0 


250  x  5  x  10  6  0.8  x  5  x  10"6 

=>  s2  +  800s  +  25  x  104  =0 
=>  s  =  -400  ±  j 300 
vc(t)  =e“400‘(A1  cos  300t  +  A2  sin  3004 


4=3, 


dvc(  0) 
dt 


=  -400A1  +  300 A2 ,  A2  =  4 


10.  (B)  a(0+)  =0,  4/0+)  =2  A, 


s  +  4s  +  8  =  0  =>  s  =  —2  +  j2 


1  duc(0+) 
4  xdt 


=  -2 


ac(t)  =  e  2<(A1  cos  2t  +  A2  sin  2t) 

Aj  =0,  )=_8=_2  (o  +  0)  +  (0  +  2A2),  A2  =  -4 


dt 


11.  (D)  4(0+ )  =  -4,  oc(0+ )  =  8  V 


2n 


diL(  0+) 
dt 


=  8  -(-4)x  8 


=  10 


S  1 

—  uc  +  —  oc  +  4  =  0,  vc  =  4s4  +  84 

s24  +  4s4  +5=0,  s  =  -2  +  j 
4(4  =  e“2t(  Aj  cos  t  +  A2  sin  4 


A1= -4, 


d4(0*) 

dt 


=  10  =-2(4  +0)  + A2,  A2  =2 


12.  (A)  4= — - —  +  10“3— +  4,  0  =10  x  10“3— ^ 
s  100/65  dt  L  dt 


i  =  —  (10  x  104—  +  10'3(10x  10"3) 
s  100  dt  dt 

+  650  ^  +  io54  =  io54 

dt  dt  L 

Trying  4(4=5 

0  +0  +  1055  =105,  5=1,  4=1  A 


13.  (A)  Trying  iL(t)  =  At  +  5, 

0  +  650 A  +  (At  +  5) 105  =  105(0.54,  A  =0.5 


1  1  h  =0 
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di( 0+)  _  -16 
cLt  3 
A  =  1,  5  =  1 


=  -4.431  A  -0.903S 


24.  (C)  i>c(0)  =0,  iL( 0)  = 
dvc(0) 


0.02 


dt 


=  ir(  0)  =  3 


4x6 
6  +  2 
dvc(  0) 
dt 


=  3 
=  150 


6  +  14  _ 

a  = - =5, 

2x2 


co0  =  =  5 

t]2  x  0.02 


a  =  co0  critically  damped 
p(#)  =  12  +  (A  +  Bt)e~bt 
0=12  + A,  150  =-5A  +  5 
o(t)  =  12  +  (90#  -  12)e“51 

iAt)  =0.02(-5)  e“®(90#  - 12)  +  0.02(90)e"*  =  (3  -9#)e“ 


A  =-12,  5  =90 


25.  (A)  i>(0+)  = 


100x5  50 

5  +  5+20  3 


=  ^-,  A(0+)=0 


if  =0  A 
diA  0+) 


dt 


a  =  - 


2x1 


=  20  -—  =  — 
3  3 


=  2,  co0  = 


=  5 


lx 


25 


s  =  -2  +  V4  -25  =  -2  +  j 4.58 
i(#)  =  (A  cos  4.58#  +  B  sin  4.58#)e“2' 

26.(A)  iL( 0+)=0,  vL(0+)  =  4  - 12  =  -8 
1  rfct(0+) 


25  dt 


■  =  i,(  0+)=0 


a  =  —  =  3,  W0=  .  1 

2  Vlx 1/25 


=  5 


P  =  -3±  V9  -25  =-3±  j’4 

Oj(#)  =  -12  +  (A  cos  4#  +  B  sin  4#)e“3' 

v AO)  =-8=12  + A,  =>  A  =  4 


dvL(  0) 
dt 


=  0  =-3A  +  4  B, 


27.  (C)  a  = 
W.=-  1 


2 RC  2  x  2/ex  54 
1  =5000 


B  =  3 


=  50 


Vac  ^8m  x  5p 
a  <W0,  underdamped  response, 
s  =  -50  ±  V502  -50002  =  -50  +  y5000 
/(#)  =  6  +  (A  cos  5000#  +  B  sin  5000#)e“5O(  mA 
i( 0)  =  6  =  6  + A,  =>  A  =  -6 

di(0) 


dt 


=  -50  A  +  50005  =0, 


5  =  -0.06 


28.(D)  j(0+)  =1  A,  v(0+)  = 


Ldi{  0+) 
dt 


a  =  - 


=  0.5, 


W„=  .  1  =V2 

Vl  -0.5 


2  x  2  x  0.5 
s  =  -0.5  ±  V0.52  -2  =0.5  ±  j'1.323 
/(#)  =  4  +  (A  cos  1.32#  +  B  sin  1.32#)C° '5# 
1  =  4  + A,  =>  A  =  -3 
di{  0) 


dt 


=  0  =0.5  A  +  1.325,  B  =-1.13 


29.  (B)  Vo(0+)=0  ,jL(0+)=l  A 
diL{  0+) 


d# 


=  Oj(0)  =0 


a  = - 1 - =10,  W„=  ,  1  =  =  10 

2  x  5  x  0.01  Vlx  0.01 

a  =W0,  so  critically  damped  response 
s  =-10,-10 

i(t)  =  3(A  +  5#)e~10',  i(0)  =  1  =  3  +  A 

di{  0+) 


dt 


=  -10  A  +  B 


jL(#)  =  3-(2+20#)e  ,  va  = 


-lot  ..  _  LdiL(t)  _  r,nr\j.„-10t 


dt 


=  200  te 


r » 

30.  (C)  i(0+)=— -  =  -2  A,  0  (0+)  =  2  x  1=2 
1  +  2 

a  =  — - —  = - 1 - =2,  Wa=^==2 

2  RC  2x1x025  0  Vac 

a  =W0,  critically  damped  response 

s  =  -2 ,— 2 

i(t)=(A+Bt)e-2‘,  A  =-2 


di{t) 

dt 


=  (-2+Bt)e2t(-2)+(0  +  B)e- 


At  #=0,  =>  5  =  - 2 


31.  (A)  i(0+ )  =  3  A,  oc(0+ )  =  0  V  = 


4dt(0+) 

dt 


is=  9  A,  5=101140=80 


=  625 


25C  2  x  8  x  0.01 

W0=-^=  1  =5 

Vac  V4xo.oi 

a  >W0,  so  overdamped  response 
s  =  -625  ±  V6252  -25  =  -10  -2.5 
/(#)  =  9  +  Ae~10t  +  Be25t 
3=9  + A +  5,  0  =-10A  -2.55 

On  solving,  A  =  2,  5  =  -8 


c5(0+) 

dt 


www.gatehelp.com 


Page 

61 


GATE  EC  BY  RK  Kanodia 


CHAPTER 

1.7 

SINUSOIDAL  STEADY  STATE  ANALYSIS 


El  at)  =  ? 


3£! 


25  mH 


Fig.  PI. 7.1 

(A)  20cos(300£  +  68.2°)  A 

(B)  20cos(300£  -  68.2°)  A 

(C)  2.48cos(300£  +  68.2°)  A 

(D)  2.48  cos(300£  -  68.2°)  A 


a  vca)  =? 


Fig.  PI. 7.2 

(A)  0.89 cos  (103£  -  63.43°)  V 

(B)  0.89 cos  (103£  +  63.43°)  V 

(C)  0.45 cos  (103£  +  26.57°)  V 

(D)  0.45 cos  (103£  -26.57°)  V 

a  vc(t) = ? 

5fi 

— vw 


Fig.  PI. 7.3 


(A)  -^cos  (2 1  -  45°)  V 

V2 

(C)  — ^sin  (2t  -  45°)  V 

V2 


(B)  -^cos  (2 1  +  45°)  V 

V2 

(D)  — ^sin  (2t  +  45°)  V 

V2 


a  vc(t )  =? 

3  H 


(A)  2.25 cos  (5f  +  150°)  V 

(B)  2.25 cos  (5f  - 150°)  V 

(C)  2.25 cos  (5t  +  140.71°)  V 

(D)  2.25 cos  (5t  - 140.71°)  V 


3  i(t)  =  ? 


in  4a 


(A)  2 sin  (2t  +  5.77°)  A  (B)  cos  (2t  -  84.23°)  A 

(C)  2  sin  (2t  -5.77°)  A  (D)  cos  (2t  +  84.23°)  A 
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fUl  In  the  bridge  shown  in  fig.  PI. 7. 13,  Z^SOOQ, 
Z2  =(300  -7  600)0,  Z3  =(200  +  >  100)Q.  The  Z4  at 
balance  is 


(A)  400  +  > 300  Q  (B)  400  -  >  300  Q 

(C)  >100  Q  (D)  -  >900  Q 

m  In  a  two  element  series  circuit,  the  applied 
voltage  and  the  resulting  current  are 
v{t)  =  60  +  66 sin  (103t)  V,  i(t)  =2.3sin  (103t  +  68.3°)  A. 
The  nature  of  the  elements  would  be 
(A)  R  -  C  (B)  L-C 

(C)  R-L  (D)  R-R 


Statement  for  Q.17-18: 

The  circuit  is  as  shown  in  fig.  PI. 7. 17-18 
ih  in  in  ih 


EH  h(t)  =  ? 

(A)  2.36cos  (47  -  41.07°)  A 

(B)  2.36cos  (47  +  41.07°)  A 

(C)  1.37 cos  (47  -  41.07°)  A 

(D)  2.36cos  (47  +  41.07°)  A 

m  i2(t )  =  ? 

(A)  2.04  sin  {At  +  92.13°)  A 

(B)  -2.04 sin  (At  +  2.13°)  A 

(C)  2.04 cos  {At  +  2.13°)  A 

(D)  -2.04  cos  (4 1  +  92.13°)  A 


l  V=? 


I  6Z30°A 


E0  / 


73  n 


(A)  223Z  -56°  V 
(C)  124Z  - 154°  V 


(B)  223Z56°  V 
(D)  124Z1540  V 


vlt)  =  ? 


lOsin  (t+ 30°)  V 


20cos  (£-45°)  V 


Fig.  PI. 7. 16 


(A)  31.5 cos  (t  +  112°)  V 

(B)  43.2 cos  (t  +  23°)  V 

(C)  31.5 cos  (t  - 112°)  V 

(D)  43.2  cos  (t  -23°)  V 


(A)  3.94Z46.280  A  (B)  4.62Z97.380  A 

(C)  7.42Z92.490  A  (D)  6.78Z49.270  A 

Mvx  =  ? 


20  n  710  n 


— wv - 

_ rYYY\ _ 

3Z0"  A  ^ 

^  20  n  * 

Fig.  PI. 7. 20 


(A)  29.11Z1660  V  (B)  29.11Z  - 166°  V 

(C)  43.24Z1240  V  (D)  43.24Z  -  124°  V 
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Statement  for  Q.27-32: 

Determine  the  complex  power  for  hte  given  values 
in  question. 

^3  P  =269  W,  Q  =150  VAR  (capacitive) 

(A)  150  -,/269  VA  (B)  150  +  y269  VA 

(C)  269-7150  VA  (D)  269  +  y'150  VA 

EEI  Q  =2000  VAR,  pf  =0.9  (leading) 

(A)  4129.8  +  7'2000  VA  (B)  2000  +  y'4129.8  VA 

(C)  2000  - 74129.8  VA  (D)  4129.8  - y2000  VA 

EE1  S  =  60  VA,  Q  =  45  VAR  (inductive) 

(A)  39.69  +  7'45  VA  (B)  39.69-745  VA 

(C)  45  +  739.69  VA  (D)  45  - 739.69  VA 

BTil  Vrms  =220  V,  P  =  1  kW,  \Z  I  =  40  Q  (inductive) 

(A)  1000  -768125  VA  (B)  1000  +  y'68125  VA 

(C)  68125  +  7IOOO  VA  (D)  68125 -7IOOO  VA 

SI  Vrms  =  21Z20°  V,  Vrms  =  21Z20°  V,  Irms  =  8.5Z  -50°  A 
(A)  154.6  +  789.3  VA  (B)  154.6  -  y'89.3  VA 

(C)  61  +  7167.7  VA  (D)  61  -  7167.7  VA 

E3  Vrms  =  120Z300  V,  Z  =  40  +  78O  Q 

(A)  72  +  7144  VA  (B)  72  -  y  144  VA 

(C)  144  +  y72  VA  (D)  144-772  VA 

M  v ;,=  ? 


6Y0°A 


© 


16  kW 

0.9  pf  lagging 


20  kW 

0.8  pf  lagging 


Fig.  PI. 7.33 


(A)  7.1Z32.290  kV 
(C)  38.49 Z24.39°  kV 


(B)  42.59 Z3229°  kV 
(D)  38.49Z32.290  kV 


raW  A  relay  coil  is  connected  to  a  210  V,  50  Hz  supply.  If 
it  has  resistance  of  30  Q  and  an  inductance  of  0.5  H,  the 
apparent  power  is 

(A)  30  VA  (B)  275.6  VA 

(C)  157  VA  (D)  187  VA 


|  In  the  circuit  shown  in  fig.  PI. 7. 35  power  factor  is 

-72 


(A)  56.31  (leading) 
(C)  0.555  (lagging) 


Fig.  Pi. 7. 35 

(B)  56.31  (lagging) 


(D)  0.555  (leading) 
The  power  factor  seen  by  the  voltage  source  is 


4£i 


in 


lOcos  2t  VI 


— m — 

+  v1  - 

- Wv - 

b  < 

= 

IF 


Fig.  PI. 7. 36 


(A)  0.8  (leading) 
(C)  36.9  (leading) 


(B)  0.8  (lagging) 
(D)  39.6  (lagging) 


fSyp  The  average  power  supplied  by  the  dependent 
source  is 


2Z90"  A 


80 


(A)  96  W 
(C)  92  W 


Fig.  PI. 7. 37 

(B)  -96  W 
(D)  -192  W 


In  the  circuit  of  fig.  PI. 7. 38  the  maximum  power 
absorbed  by  ZL  is 

10  n  715 


120Z0°V 


— wv — rrrr' — 

- 0 - 

~) 

=  z 

- O - 

Fig.  PI. 7. 38 
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(A)  180  W 
(C)  140  W 
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ETSI  The  value  of  the  load  impedance,  that  would 


absorbs  the  maximum  average  power  is 

jwo 

_ _ nrm _ _ 


3Z20"  A 


Fig.  PI. 7.39 


(A)  12.8  -  j'49.6  fi  (B)  12.8  +  j'49.6  Q 

(C)  33.9  -  j'86.3  Q  (D)  33.9  +  j86.3  Q 


Statement  for  Q.40-41: 

In  a  balanced  Y-connected  three  phase  generator 
Vab  =  400 

If  phase  sequence  is  abc  then  phase  voltage 
Va  ,  Vb  ,  and  Vc  are  respectively 

(A)  231Z00 ,  231Z1200,  231Z2400 

(B)  231Z  -  30° ,  231Z  - 150° ,  231Z900 

(C)  231Z30°,  231Z1500 ,  231Z-900 

(D)  231Z600,  231Z1800 ,  231Z-600 


The  line  impedance  connecting  the  source  to  load  is 
0.3  +  j02  Q.  If  the  current  in  a  phase  of  load  1  is 
I  =10Z20°  Arms,  the  current  in  source  in  ab  branch  is 
(A)  15Z-1220  Ams  (B)  8.67 Z - 122°  Ams 

(C)  15Z27.90  Ams  (D)  8.67 Z  -57.9°  Arms 

fW,  An  abc  phase  sequence  3-phase  balanced 
Y-connected  source  supplies  power  to  a  balanced 
A  -connected  load.  The  impedance  per  phase  in  the  load 
is  10  +  j  8  Q.  If  the  line  current  in  a  phase  is 
7^  =28.10Z -28.66°  Arms  and  the  line  impedance  is 
zero,  the  load  voltage  VAR  is 
(A)  207.8 Z  -  140°  (B)  148.3Z400  Vrms 

(C)  148.3Z  -  40°  Vms  (D)  207.8 Z40° 

?Ttl  The  magnitude  of  the  complex  power  supplied  by  a 
3-phase  balanced  Y-Y  system  is  3600  VA.  The  line 
voltage  is  208  Vrms  .  If  the  line  impedance  is  negligible 
and  the  power  factor  angle  of  the  load  is  25°,  the  load 
impedance  is 

(A)  5.07  +  y'10.88  Q  (B)  10.88  +  j5.07  Q 

(C)  432  +  j'14.6  Q  (D)  14.6  +  j432  Q 


m  If  phase  sequence  is  acb  then  phase  voltage  are 

(A)  231Z0°,  231Z1200 ,  231Z2400 

(B)  231Z  -  30°,  231Z  - 150°,  231Z90° 

(C) 231Z30°,  231Z1500,  231Z-900 

(D)  231Z60°,  231Z1800 ,  231Z-600 


A  balanced  three-phase  Y-connected  load  has  one 
phase  voltage  Vc  =277Z45°  V.  The  phase  sequence  is 
abc.  The  line  to  line  voltage  VAn  is 
(A)  480Z45°  V  (B)  480Z  -  45°  V 

(C)  339Z45°  V  (D)  339Z  -  45°  V 


zj  A  three-phase  circuit  has  two  parallel  balanced  A 
loads,  one  of  the  6  Q  resistor  and  one  of  12  Q  resistors. 

The  magnitude  of  the  total  line  current,  when  the 

line-to-line  voltage  is  480  Vr.ms  ,  is 

(A)  120  Ams  (B)  360  Ams 

(C)  208  Ams  (D)  470  Arms 

In  a  balanced  three-phase  system,  the  source  has  an 
abc  phase  sequence  and  is  connected  in  delta.  There  are 
two  parallel  Y-connected  load.  The  phase  impedance  of 
load  1  and  load  2  is  4  +  j  4  Q  and  10  +  j  4  Q  respectively. 

www.gatehelp.com 


Page 

67 


UNIT  1 


GATE  EC  BY  RK  Kanodia 


Networks 


SOLUTIONS 


1.  (D)  Z  =  3  +  j(25m)(300)  =  3  +  j'7.5  Q  =  8.08Z68.20 

I  = — 2<D^() — =  2.48  Z  -  68.2°  A 
8.08Z68.20 

i(t)  =2.48 cos  (300t  -  68.2°)  A 


2.  (A )Y  =-  +  j'(lm)(103)  =0.5  +  j  =  1.12Z63.430 
2 

Vr  = — - =0.89Z- 63.43°  V 

c  1.12Z63.430 

vc(t)  =0.89 cos  (103^  -  63.43°)  V 


3.  (A)  Z  =  5  + - J—  =5  -j5  =5V5Z-45° 

(0.1)(2) 

=  (lZ0)(5Z-90°)  1  z_45oy 

5V2Z  -  45°  V2 

vc(t)  =  —3^  cos  (2 1  -  45°)  V 

V2 

4.  (D)  Z  =9 +  X3X5) 


-J 


(50m)  (5) 


=  9  +  jll 


Z  =1421Z50.71°Q 


(8Z0X4Z  90°)  =  2.25Z140.710  V 
c  14.21Z50.710 

vr(t)  =2.25  cos  (5t  - 140.71°)  V 


10  Z0 


5.  (B)  V  = 


10  zo 


11  1  1.05  +  jOA 

1  -72  4  +  78 


V 


I  = 


V  10  ZO 


4  +  78  1  +  710 


=  1Z- 84.23  A 


in 


4£1 


XAAw 


10Z0°  V 


-j  2: 


-AAAr- 


I7 


J'8 


Fig.  SI. 7.5 

i(t)  =cos  (2£  -  8423°)  A 

6.  (D)  co  =  2tix  10  x  103  =27tx  104 

-j 


Y  =  7'(l|.i)(2jrx  10  )  + 
=  0.0278-70.0366  S 


(160(1X271  x  104)  36 


Z=  —  =13.16  +  717.33  0 
Y  J 


7.  (C)  Z  = 


-J 


 22cp 


co(22|i) 

(6  +  7'27x  10"3(n) 


11(6  +  7(27m)cn) 


-7IO6  ..  ,  1A  ,  ,  27  x  103  76  x  106 


22 


22  co 


10  (  106 
6  +  J'<27”,"-^)  6+-H27m“225r 

-J36  x  10'  _  727  ■  10'  +27m  -  Zk)  =  0 
co22  22  \  22  co2 

=>  co  =  1278 

f  =  —  Hz  =  =  203  Hz 

2ji  271 


8.  (C)  Vs  =7.68Z47°  V,  V2  =7.51Z35° 

V4  =VS  -  V2  =7.68Z47°-7.51Z35°=1.59Z125° 

9.  (B)  vin  =V32+(14-10)2  =5 

10.  (C)  /,  =  744Z  - 118°  mA, 

I2  =540Z100°  mA 

I  =I1+I2  =744Z- 118°  +  540.5  Z100° 

=  460Z  - 164° 

i(t)  =  460  cos  (  3 1  - 164 0 )  mA 

11.  (A)  V2Z45°  =  -^Z  +  V°  ~20Z0 

-7 4  75  +10 

750  10  n 


V2Z45°A 


20Z0°V 


Fig.  SI. 7.11 

(1  +  7)(-74)(10  +  )5)  =  Vc(10  +  j5  -  J4)  +  78 
=>  60  -  7IOO  =  Vc(10  +  7) 

=>  Vc=11.6Z-64.7° 

12.  (D)  X=XL  +XC=0 

So  reactive  power  drawn  from  the  source  is  zero. 

13.  (B)  Z4Z4  =Z3Z2 

300Z4  =(300  -7600X200  +  7IOO) 

=>  Z4  =  400 -7300 

14.  (A)  R  -  C  causes  a  positive  phase  shift  in  voltage 
Z  =IZIZ0  ,  -90°<0<0  , 

y  v 

I  =  —  =—  Z-0 

Z  IZI 


Page 

68 


www.gatehelp.com 


Sinusoidal  Steady  State  Analysis 


GATE  EC  BY  RK  Kanodia 


Chap  1.7 


120Z15°  _  6^30° 

15.  (C)  V  =  40,  +  j20 — - —  =  124 Z  -  154c 


40  +  j  20  -j 30  50 


16.  (C)  10  sin  (t  +  30°)  =  10  cos  (t  -  60°) 

10Z  -  60°  20Z  -  45° 

y  = _ l _ 1 _ 3 _ 

111 

—  +  —  +  — 

j  ~j  3 

=  30Z  -  150°+20Z  -  45° 

Va  =  31.5Z  - 112°  V 

ji 


3n 


20Z-45°V 


17.(C)  5Z0°=/1|  j'4  +  l  +  l-^j-72fl-^ 


j  4  in 


in  ji 


10Z-30"  v 


=>  (8  +  j'15 )7,  -(4  -  j)1 2  =20Z0  ...(i) 

-10Z  -  30°  =72  (1  +  j‘4  +  1  -  — )  -  7j  (1  -  — ) 

4  4 

=>  (4-j)7j-(8  +  j’15)72  =  40Z  -  30°  ...(ii) 

7,[(8  +  j’15)2  -(4  -j)2] 

=  (20Z0)(8  +  j'15)  —  (40Z  -  30°)(4  —  7') 

7,0176  +  j'248)  =  41.43  +  j’414.64 
=>  7,  =  1.03  -  7  0.9  =  1.37  Z  -  41.07 


18.  (B)  7,  = 


(8  +  715X1.03  -j09)  -20Z00 
4-7 


-0.076  +  7'2.04 


I2  =2.04Z92.13° 


19.  (B)  10Z30°=  47,  -0.5IX  +  (-j2)Ix 
(-72)7,  =(7,  -0)73,  7, 


10Z30°  =  |  3-O.5-72  0 


7,  =- 


10Z300 


2.17Z  -  67.38c 


20.  (B)  Let  Vn  be  the  voltage  across  current  source 
y  _ 4V  V  -V 

r  n  v  /i  A 


20 


710 


^  =  3 


yo(20  +  7IO)  -(20  +  740)17  =  76OO 


V  = 


V.  = 


Vo(20 ) 

20  +  7IO 

(2  +  7)(20  +  7IO) 


Vd=^(2+7) 


-20(1  +  72)  U76OO 


_ — 76OO —  =29.22 Z  -  166° 
-5-720 


21.  (A)  7,  =  V,^j  +  VJ1^  =  J°1V 2  +  7'0-4 V3 

=  (0.1Z90°)(0.757Z66.7°)  +  (0.4Z90°)(0.606Z  -  69.8°) 
=>  7,  =0.196Z35.6° 

y  y  -3y 

22.  (A)  71  +  0  °  =  4Z  -  30° 

2  74 

0(0.5  +  7O.5)  =  3.46  - 72  =>  y0  =  5.65Z  -  75° 

23.  (D)  72  =  4Z90°  ,  73=2Z0° 


Fig.  PI. 7.23 


12Z0°  =  7,  (-7  3  +  2  +  2)  +  8Z90°-4Z0° 

=>  7,  =  3.52  +  7'0.64 

V0  =2(3.52  +  70.64  +  7I)  =  11.65 Z52.82°  V 
24.  (D)  72  =  3Z0°  A  ,  74  -7,  =  6Z0°  A 


4^ 


7.j(l)  +  (73  —  70)(— 74)  +  (74  +  I2)(j2)  +  74  -  0 
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I3+(I3-I0)(-j4)  +  (I3  +  6Z0°+3Z0°)(j2)  +  I3  +  60°  =0 
Li(2-j2)+Io(j4)  =  -l8j-6 
_  -I  J  j2  )  -  3  -  9  / 

3  (1-J) 

=>  h=Io  +  3~j& 

15Z90°  =(70  +  3Z0°)(2)  +  (70  -73)(-j4) 

=>  j'15  =  21  a  +  6  +(j'4)(3-j6) 

25.  (A)  Zm=(jl0K8~j5)  =9  +  7 4.4 
8 +  7IO-75 

=  (32Z0°)(7l0)  =  339z58o  v 
8 +  7IO-75 

26  (D)  (600  -7300)/! +7  3  0  072  =  9  ...(i) 

30072  =  3V,  ,  V,  =(-7 300)(7,  -72) 

=>  72  =~7'3(71  -72)  =>  37,  =  ( 3  +  7)72  ...(ii) 

Solving  (i)  and  (ii)  72  =  12.36Z  -  16°  mA 
Voc  =30072  =  3.71Z  - 16° 


-2VX  =0 


Vl  =0 


9Z0° 

=>  Isc  =  — — —  =  15Z0°  mA 
s  600 

Zr„  =  V°c  =  311^16°  =247Z  -  16° Q 
Isc  15Z0°xl0 

27.  (C)  S  =  P  -  jQ  =269  -7150  VA 


28.  (D)  pf  =cos  0  =0.9 


Q  =  S  sin  0 


S  = 


Q 


0=25.84° 

2000 


sin  0  sin  25.84° 


=  4588.6  VA 


I VI2  (120)2 

32.  (A)  S=V^-=  K  ’  =72  +  jl44  VA 

Z  40  -780 


33.  (A)  S1  =16  +  7— sin  (cos1  (0.9))  =  16  +  jl.75 
0.9 

20 

S2  =20  +  7— sin  (cos  1  (0.8))  =20  +  7I5 
2  0.8 

S=S1+S2  =  36  +  72.75  =  42.59Z32290 
S  =  VI*  =  6  V,  =>  V,  =  7.1Z3229° 


34.  (B)  Z  =30  +  7(0.5)(27t)(50)  =30  +  7'157, 
I VI2  (210)2 


S=  , 

Z  30-7'157 

Apparent  power  =  I S  I  = 


(210)2 


35.  (D)  Z  =  4 


V302  +  1522 
(-7'2)(75-7'2) 


=  275.6  VA 


~j 2  +  7'5  -  7'2 
=  4 -  76  =  721Z  -56.31°, 
pf  =cos  56.31°  =  0.555  leading 

36.  (A)  —  +  —  V,  =  ^  ^  => 

4  4  I-7I.5 


V,  =  4Z36.9°, 


4  Q. 


1  Q 


10Z0"V 


,1 - Wv - 

‘  +  ^  - 

- Wv - 

r  < 

4^-1  CO 

_ II _ 

:  -71.5 


Fig.  S. 1.7.36 


P=S cos  0  =  4129.8, 

S  =  4129.8  -72000 

29.  (A)  Q  =  S  sin  0  =>  sin  0  =  —  =  —  or 

S  60 

=>  0  =  48.59°, 

P  =  S  cos  0  =  39.69, 

S  =  39.69  +  7'45  VA 


30.  (B)  S  =  'V  _  [2201  =  1210 


IZ  I 
P  1000 


40 


cos  0  =—  =  -  =0.8264  or  0  =  3426°, 

S  1210 

Q  =S  sin  0  =  68125, 

3  =  1000  +  768125  VA 


31.  (C)  S  =  Vfms7;ms  =(21Z20°)(8.5Z50°) 
=  61  +  7167.7  VA 


7 j  =  1Z36.90 

S  =  (1Z36-9°X10Z0°)=5z_369o 
2 

pf  =cos  36.9°  =  0.8  leading 

37.  (A)  (2Z-90°)4.8  =-7^4.8  +  7I.92)  +  0.67,(81 


Ix  =5Z0°,  Va  =0.6x5x  8=24Z0°, 
Pam=\x  24x16x5=96 
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38.  (A)  ZTH  =  (  jlQ)(1°  +  715)  =  8  _  ji 4  q 
m  10  +  j'15  -  jlO 

v  =  \20(-jm  =  107  3Z  _  116  go  y 
10  +  j  5 

107.3Z- 116.6°  =67z_n660 
16 


PLma*  =4(6.7)2x  8=180  W 


39.  (B)  ZrH  = (  j40)(8°  +  J10°)  =  12.8  -  j'49.6  Q 

TH  80  +  j'60 


40.  (B)  Va  =  Z-30°=231Z-30°  V 

V3 

Vb  =  231Z  - 150°  V,  Vc  =  231Z  -270°  V 


41.  (C)  For  the  acb  sequence 

vab  =va-vb  =  ypzo°  -  vpzi20c 


400  =  V 


■  1  .V3 

1  +  2  ~  ^  ~2~ 


=  V„V3Z-30° 


V  =^Z30° 
P  V3 


Va  =  VpZ0°=231Z30°  V, 

V6  =  VpZ120°  =231Z150°  V 
Vc  =VpZ240°=231Z-90°  V 


42.  (B)  VA  =277Z(45°-120°)=277Z-75°  V 
yB  =277Z(45°  +  120°)  =277Z165°  V 
Vab  =  VA  ~VB  =  480Z  -  45°  V 


43.  (C)  ZA  =  61112=4, 

7P  =  480=120  Arms 
4 

IT  =V37P  =208  A,.mfl 


44  (B)  7  = - 7^(10  +  J4) - =  10Z20° 

(10  +  y'4)  +  (4  +  j'4) 

a  Aa 


Fig.  S.  1.7.44 


45.  (D)  7ab 


_  I  oA 

-  V3 


Z(0  +  30°)  =  1622Z1.340  Arms 


=IM  ZA  =  (16.22Z1.340°)(10  +  j8) 
=  207.8  Z40°Vrms 


46.  (B)ISI  =  V3y,A  =>  /L=Z^L  =  ioAms 

ono 

Zy  =  Z25°  =  12Z25°  =  10.88  +  j'5.07  n 

F  10V3 


7oA=15Z-27.9°Arm8 

Iab  =  -  l7z'  Z(0  +  30°)  =  8.67 Z  - 122.1°  An 
V  3 
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CIRCUIT  ANALYSIS  IN  THE  S-DOMAIN 


a  z(S) = ? 


(A) 

(C) 


IF  2  H 


2s  +  3s  +  2  (D)  T- 1 

s(s  +  1)  2s(s  +  1) 


a  z(S) = ? 


(A) 


(C) 


s(s  +  1) 
2s2  +  s  +  1 


(D) 


s(s  +  1) 
s2  +  s  +  1 


a  Z(s)  =  ? 


(A) 

(C) 


s2  +1 
s2  +  2s  +  1 
2s2  +  1 
s2  +  2s  +  2 


(B) 

(D) 


2(s2  +  1) 
(s  +  l)2 
s2  +  1 
3s  +  2 


a  z(s) = ? 


(A) 

(C) 


3s2  +  8s  +  7 
s(5s  +  6) 
3s2  +  7s  +  6 
s(5s  +  6) 


(B) 

(D) 


s(5s  +  6) 
3s  +  8s  +  7 
s(5s  +  6) 
3s2  +  7s  +  6 


2  The  s-domain  equivalent  of  the  circuit  of  Fig.Pl.8.5.  is 

t=  o 


3  n 

AAA 


Fig.  PI. 8.5 


3  Q 

o — vw 


+ 


o- 


(A) 


3n 
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3  The  s-domain  equivalent  of  the  circuit  shown  in  Fig. 
PI. 8. 6  is 

t= o 


2  A 


© 


12  n 


2  H  4  v, 


Fig.  PI. 8. 6 


(A) 

o- 


(B) 


12  n< 

>  i2s 

>  v,.  1 

12  n  < 

>  2s 

+ 

04v 

. 

(C)  Both  A  and  B 


(D)  None  of  these 


Statement  for  Q.7-8: 

The  circuit  is  as  shown  in  fig.  PI. 8. 7-8.  Solve  the 
problem  and  choose  correct  option. 


h  in 


1H 


pAAA - 

_ mrr\ _ 

p 

=  1  F  = 

in  vn 


Fig.  PI. 8. 7-8 


EZ  £^(8)=^^=? 

Vs(s) 

(A)  s(s3  +  2s2  +  3s  +  I)-1 

(B)  (s3  +  3s2  +  2s  +  l)"1 

(C)  (s3  +  2s2 +  3S  +  2)-1 

(D)  sis3  +  3s2  +  2s2  +  2)-1 


3  iZ2(s)  =  ^-=? 
(A) 


ij  For  the  network  shown  in  fig.  PI. 8. 9  voltage  ratio 


transfer  function  G12  is 


1H 


l  H 


(C) 


(s2  +2)2 
5s4  +  5s2  +  1 


(D) 


(s2  +  l)2 
5s4  +5  s2  +1 


EEZ  For  the  network  shown  in  fig.  PI. 8. 10,  the 
admittance  transfer  function  is 

Kis  +  1) 


Ya  = 


is  +  2)(s  +  4) 


The  value  of  K  is 
(A)  -3  (B)  3 

(C)  —  (D)  -  — 

3  3 

m  In  the  circuit  of  fig.  PI. 8. 11  the  switch  is  in  position 
1  for  a  long  time  and  thrown  to  position  2  at  t  =0.  The 
equation  for  the  loop  currents  his)  and  Z2(s)  are 

1  F 


V.(«> 

-s 


2  f^t=0 


is 3  +  3s  +  2s  +  1) 


12  V  ^ 

P  <  O  3Hi 

|  ^ 

(B)  -is3  +  3s2  +  2s  +  1)“4 

f 

_ 1 

2n 

1  F 


(C) 


-s 

is3  +  2  s2  +  3s  +  1) 


(D)  (s3  +  2s2  +  3S  +  2P1 


Fig.  PI. 8. 11 


(A) 


2  +  3s  ■ 


-3s 


-3s 
„  1 


his) 

"12" 

s 

Ms). 

0 
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(B) 


(C) 


(D) 


2  +  3s  +  - 
s 

-3s 


2  +  3s 


-  3s 
2  +  - 


-3s 


-3s 


2  +  3s  +  - 
s 


-3s 


2  +  3s 


-3s 

2  +  3s  +  ' 
s. 


his) 

his). 


his) 

his). 


his) 

his). 


12 

s 

0 

12 

s 

0 

12 

s 

0 


In  the  circuit  of  fig.  PI. 8. 12  at  terminal  ab 
Thevenin  equivalent  is 


(s+l) 


Fig.  PI. 8. 12 


i  \  \  f„\_  — 8(s  +  2)  ^  _  -(2s  +  1) 

(A)  VTHis)  -  ——  — ,  ZTHis)  -  — 

3s(s  +  1)  3s 

\t  t  \  8(s  +  2)  /7  /  -i  (2s  +  1) 

3  sis  +  1)  3s 

t/  t  \  4(s  +  ®  7  (  \  +  1) 

(C)  VTHis)  =  — - -  ,  ZTHis)  =  — - 

3s(s  +  1)  6s 

(T-i\  t r  i  \  — 4(s  +  3)  y  t  \  ~(2s  +  1) 

(D)  VTHis)  =  — - — ,  ZTHis)  =  — - - 

3s(s  +  1)  6s 


EE1  In  the  circuit  of  fig.  PI. 8. 13  just  before  the  closing  of 
switch  at  t  =  0,  the  initial  conditions  are  known  to  be 
vcl  (0“)  =  1  V,  vC2  (0")  =0.  The  voltage  vciit)  is 


(A)  uit)  V 
(C)  05e“*  V 


Fig.  PI. 8. 13 

(B)  0.5 uit)  V 
(D)  e‘  V 


m  The  initial  condition  at  t  =  0  of  a  switched  capacitor 
circuit  are  shown  in  Fig.  PI. 8. 14.  Switch  S1  and  S2  are 
closed  at  t  =  0.  The  voltage  un  ( t)  for  t  >  0  is 


10  v 


5  V 


(A)  |  V 

(C)  9  V 


Fig.  PI. 8. 14 

(B)  9e“'  V 

(D)  0  V 


A  unit  step  current  of  1  A  is  applied  to  a  network 
whose  driving  point  impedance  is 

Vis)  is  +  3) 


Zis)  = 


Us)  is + 2)2 


The  steady  state  and  initial  values  of  the  voltage 
developed  across  the  source  would  be  respectively 
(A)  1  V,  I  V  (B)iV,|V 

(C)  |  V,  0  V  (D)  1  V,  |  V 

fTSi  In  the  circuit  of  Fig.  PI. 8. 16  i(0)=l  A,  oc(0)  =  8 
V  and  Oj  =2 e~2xloi‘uit).  The  iit)  is 


50  Q 


■6 


ImH 


2.5  nF  : 


ZVC 


Fig.  PI. 8. 16 

(A)  T[10e-lo4j  -3e-2>io4f  -22e-4>!lo4'Mt)  A 


(B)  T[_i0e 


-10*  t 


3e“2xl°4‘  +22 e-4*wi‘]u(t)  A 


(C)  |[10e~lo4<  +  3e~2xl°4t  +  22e“4xl°4<]u(t)  A 


(D) |[“10e- 


3e 


-22e- 


l]uit)  A 


^  In  the  circuit  shown  in  Fig.  PI. 8. 18  v( 0  )  =  8  V  and 
iinit)  =  4S(t).  The  vcit)  for  t> 0  is 


(A)  164e_<  V 
(C)  208(1  -e~3t)  V 


:  vc 


Fig.  PI. 8. 17 

(B)  208e~‘  V 
(D)  164e”3*  V 
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The  driving  point  impedance  Z(s)  of  a  network  has 
the  pole  zero  location  as  shown  in  Fig.  PI. 8. 18.  If 
Z(0)  =  3,  the  Z(s)  is 


j® 


> 

< - 

1 

°3  -1 

> 

C - 

-1 

(A) 

(C) 

Statement  for  Q.  19-21: 


The  steady  state  voltage  across  capacitor  is 
(A)  6  V  (B)  0  V 

(C)  oo  (D)  2  V 

5TS1  The  transformed  voltage  across  the  60  pF 
capacitor  is  given  by 

20s  +  6 


VJs)  = 


(10s  +  3)(s  +  4) 


Fig.  PI. 8. 18 

The  initial  current  through  capacitor  is 

4(s  +  3) 

(B)  2(S  +  3) 

(A)  0.12  mA 

(B)  -0.12  mA 

s2  +  s  +  1 

2(s  +  3) 

s2  +  2s  +  2 

(D)  fS  +  3) 
s  +  s  +  2 

(C)  0.48  mA 

(D)  -0.48  mA 

s2  +  2s  +  2 

^3  The  current  through 

an  4  H  inductor  is  given  by 

Ir(s)  = 


10 


s(s  +  2) 


The  circuit  is  as  shown  in  the  fig.  PI. 8. 19-21.  All 
initial  conditions  are  zero. 


Fig.  PI. 8. 19-21 


E0  7°(s)  =  ? 

IJs) 

(A)  (s  +  1} 

2  s 

(B)  2s(s  +  1)“: 

(C)  (s  +  Ds-1 

(D)  s(s  +  I)'1 

ETil  If  im(t)  =  48(f)  then  ia(t)  will  be 

(A)  45(t)  -  e~‘u(t )  A 

(B)  48(f)  -  4e“f«(f)  A 

(C)  4e“'w(f)  -  48(f)  A 

(D)  e~‘u(t)  -  8(f)  A 


If  iin(t)  =  tu(t)  then  ij,t)  will  be 
(A)  e~‘u(t)  A  (B)  (1  -e~‘)u(t)  A 

(C)  u(t)  A  (D)  (2  -e~‘)u(t)  A 


^3  The  voltage  across  200  pF  capacitor  is  given  by 


Vc(s)  = 


2s  +  6 
s(s  +  3) 


The  initial  voltage  across  inductor  is 
(A)  40  V  (B)  20  V 

(C)  10  V  (D)  5  V 

^3  The  amplifier  network  shown  in  fig.  PI. 8. 25 
is  stable  if 


4 n  1F  ih 


(A)  K  <  3 

(B)  K>3 

(C)  K<\ 

(D)  A  >4 

3  3 


^3  The  network  shown  in  fig.  PI. 8. 26  is  stable  if 


Fig.Pl.8.26 


(A)  K  >  — 
2 

(C)  K  >  2 
5 


(B)  K  <  — 
2 

(D  )K<% 
5 
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A  circuit  has  a  transfer  function  with  a  pole  s  =  -  4 
and  a  zero  which  may  be  adjusted  in  position  as  s  =  -a 
The  response  of  this  system  to  a  step  input  has  a  term 
of  form  Ke~4t.  The  K  will  be  (H=  scale  factor) 


(A)  H\ 

(B)  H\ 

H) 

(C)  H\ 

'  A  -  — 

\  4  y 

)  (D)  H 

l>u) 

A  circuit  has  input  vin(t)  =cos  2t  u(t)  V  and  output 
ia{t)  =  2  sin  2t  u(t)  A.  The  circuit  had  no  internal  stored 
energy  at  t=  0.  The  admittance  transfer  function  is 


(A)  — 

(B) 

s 

(C)  s 

(D) 

^2  A  two  terminal  network  consists  of  a  coil  having  an 
inductance  L  and  resistance  R  shunted  by  a  capacitor 
C.  The  poles  of  the  driving  point  impedance  function  Z 
of  this  network  are  at  - ~  ±  j  ^  and  zero  at  -1.  If 
Z( 0)  =  1  the  value  of  R,  L,  C  are 

(A)  3  Q,  3  H,  -  F  (B)  2  Q,  2  H,  -  F 

3  2 

(C)  1  n,  2  H,  -  F  (D)  1  Q,  1  H,  1  F 

2 


The  current  response  of  a  network  to  a  unit  step 
input  is 

j  10(s  +  2) 

0  ~  s2(s  +  11s  +  30) 

The  response  is 

(A)  Under  damped  (B)  Over  damped 

(C)  Critically  damped  (D)  None  of  the  above 


Statement  for  Q.31-33: 

The  circuit  is  shown  in  fig.  PI. 8. 31-33. 


The  current  ratio  transfer  function  —  is 


(A) 

(C) 


s(s  +  4) 
s2  +  3s  +  4 

s2  +  3s  +  4 
s(s  +  4) 


(B) 

(s  +  l)(s  +  3) 

(s  +  lXs  +  3) 
s(s  +  4) 


Em  The  response  is 

(A)  Over  damped  (B)  Under  damped 

(C)  Critically  damped  (D)  can’t  be  determined 

Em  If  input  4  is  2u(t)  A,  the  output  current  ia  is 
(A)  (2e”‘  -  3 te~M)u{t)  A  (B)  (3 te~‘  -  e~3t)u(t)  A 

(C)  (3e”‘  -  e~3‘)u(t)  A  (D)  (e"3'  -  3e~‘)uit)  A 


In  the  network  of  Fig.  PI. 8. 34,  all  initial  condition 
are  zero.  The  damping  exhibited  by  the  network  is 


4  F  2  H 

II — - 1 

+ 
vo 


Fig.  PI. 8.34 

(A)  Over  damped 

(B)  Under  damped 

(C)  Critically  damped 

(D)  value  of  voltage  is  requires 

Em  The  voltage  response  of  a  network  to  a  unit  step 
input  is 


°  s(s2  +  8s  +  16) 

The  response  is 

(A)  under  damped  (B)  over  damped 

(C)  critically  damped  (D)  can’t  be  determined 

^3  The  response  of  an  initially  relaxed  circuit  to  a 
signal  vs  is  e~2‘u{t).  If  the  signal  is  changed  to  ( vs  + 

,  the  response  would  be 


(A)  5  e2tuit)  (B)  -3  e~2tu(t) 

(C)  4 e2tuit)  (D)  -4 e~2tuit) 
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Consider  the  following  statements  in  the  circuit 
shown  in  fig.  PI. 8. 37 


i  2  H  4fi 


Fig.  PI. 8. 37 

1.  It  is  a  first  order  circuit  with  steady  state  value  of 


2.  It  is  a  second  order  circuit  with  steady  state  of 
vc  =  2  V  ,  i  =2  A 

V(s) 

3.  The  network  function - has  one  pole. 

Us) 

V(s ) 

4.  The  network  function  — —  has  two  poles. 

I(s) 

The  true  statements  are 
(A)  1  and  3  (B)  1  and  4 

(C)  2  and  3  (D)  2  and  4 


:i  ':  I  The  network  function 

(A)  RC  admittance 
(C)  LC  impedance 

^3  The  network  function 
an 

(A)  RC  impedance 
(C)  LC  impedance 


s2  +  10s +  24 

— - represent  a 

s2  +  8s  +  15 


(B)  RL  impedance 
(D)  None  of  the  above 


s(s  +  4) 

- represents 

(s  +  l)(s  +  2)(s  +  3) 


(B)  RL  impedance 
(D)  None  of  these 


23  The  network  function  — +  ^ —  represents  an 

(s  +  l)(s  +  3) 

(A)  RL  admittance  (B)  RC  impedance 

(C)  RC  admittance  (D)  None  of  the  above 


The  network  function  s  +  7s  +  6  .g  & 

s  +  2 

(A)  RL  impedance  function  (B)  RL  admittance 
(C)  LC  impedance  function  (D)  LC  admittance 


A  valid  immittance  function  is 


\  (s  +  4)(s  +  8) 

;  (s  +  2)(s  -5) 

(C)  S^S  *  ® 

M  (s  +  l)(s  +  4) 

^3  The  network  function 

(A)  A'Ladmittance 
(C)  LC  admittance 


(B)  — s(s  +  1} — 

(s  +  2)(s  +  5) 

s(s  +  2)(s  +  6) 

(s  +  l)(s  +  4) 

s2  +  8s  +  15  . 

„ - is  a 

s  +  6s  +  8 

(B)  RC  admittance 

(D)  Above  all 


A  impedance  function  is  given  as 

,  3(s  +  2)(s  +  4) 

Z{s)  = - 

s(s  +  3) 

The  network  for  this  function  is 


In 


1FAA/^ 
o  ^W\/  1 1 


30. 


-i  0  8  F  rVWi 

o-AAA^h 


(A) 


(B) 


The  network  function  +  +  ^  i 

s(s  +  2)(s  +  5) 

(A)  RL  impedance  function 

(B)  RC  impedance  function 

(C)  LC  impedance  function 

(D)  Above  all 
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18.  (B)  Z(s)  = 


K(s  +  3) 

(s-(-i  +  Ms-a-j)) 


K  =  2 


Kjs  +  3) 
s2  +  2s  +  2 


19.  (D)  Io(s>  = - s  +  11  =  ^— 

4+)  +  s  +  1 

s  +  1  s  +  1 

20.  (B)  IJs)  =  4 

In(s)=—  =  4 - —  =>  ia(t)  =  4dit)-Ae-,u(t) 

S  +  1  s  +  1 

21.  (B)  Im(s)= 

s 

j  (  )  _  1  _  1 _ +_ 

s(s  + 1)  s  s  +  1 
ia(t)  =u(t)  -  e~‘u{t)  =  (1  -e~‘)u{t) 

22.  (D)  i>r(oo)  =lim  sVr(s)  =lim  =2  V 

s  -*>  s-*)  s  +  3 


23.  (D)  uc(0+)  =lim  sVc(s)= 

S  —XX) 

Cdvr 


s(20s  +  6) 


In  =- 


(10s  +  3)(s  +  4) 
Ic(s)  =  C[sVc(s)  -  fc(0+  )] 


=  2  V 


=  60  x HU 


s(20  s  +  6) 
v(10s  +  3)(s  +  4) 


-2  = 


-480  x  lQ-6(10s  +  3) 
10s2  +  43s  +  12 


ici 0+)  =  lim  s/c(s)  =  -  480  x  10  6  =  -0.48  mA 
d  i, 


24.  (A)  v,=L 


dt 


VAs)  =  L  [si  As)  -  t,(0+)] 


iLi  0+)  =lims/t(s)  = 

S  — XX) 

VAs)  =  40s 


10 

s  +  2 
40 


=  0 


s(s  +  2)  s  +  2 


v,  (0+)  =  limsV,(s)  = 


s40 
s  +  2 


=  40 


25.  (A)  V2(s)  =KV1(s) 

Vx(8)  ,  v1(s)-gvr1(s)_0 

2  ,  1 

s 

4  +  s+  -  +  2 -2K  =0 
s 

=>  s2  +(6-2iDs  +  l=0 
(6  -2K)  >0  =>  K<  3 


26.  (B)  Let  v1  be  the  node  voltage  of  middle  node 
KV.,(s)  +  2sVAs) 


V1(s)=- 


1  +  2s  ■ 


(3s  +  1)  V,  (s)  =(2s  +  K)V2(s ) 
281^(8) 


VAs)  = 


2s +  1 


=>  (2s  +  l)V2(s)  =25^(8) 

=>  (3s  +  l)(2s  +  1)  =2s(2s  +  K) 


2 s2  +  (5  -  2K)s  +  1=  0, 

5 -2 K  >0,  K  <- 
2 


27.  (A)  H(s)  =  H{s  +  a) 
s  +  4 

lii  1  —  — 

.  His  +  a)  Ha  l  4 

Ris)  = - = - +  — - - 

s(s  +  4)  4s  s  +  4 

rit)=^uit)  +  fl^l-  jje'4t 


28.  (A)  V;„(s)  = 


I  ois) 
Vin(s) 


2 

s 


(sL  +  i?) 


29.  (D)  Z(s)  =  - 


sC  _  C 


-is 


sL  +  R 


sC 


R  1 
L  +  LC 


Zis)  = 


if  (s  +  1) 


V 


1  .  V3 

S  H - h  ] - 

2  2 


s  + - j 

2 


2 


if  (s  +  1) 

'  (s2  +  s  +  1) 


Since  Z(0)  =  1,  thus  K  =  1 

—  =  1,  —  =  1,  — =1 

C  L  LC 

=>  C  =  l,  L  =  l,  i?=l 


30.  (B)  The  characteristic  equation  is 

s2(s2 +  lls  +  30)=0  =>  s2(s+ 6)(s  +  5)  =0 

s=-6,  -5,  Being  real  and  unequal,  it  is  overdamped. 
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31.  (B)  —  =  S  +  4  =  s(s  +  4) 

/s  s  +  4+ 3  (s  +  lXs  +  3) 


32.  (A)  The  characteristic  equation  is  (s  +  1)  (s  +  3)  =0. 
Being  real  and  unequal  root,  it  is  overdamped  response. 


33.  (C)  i,  =2u{t)  ^  I  As)  =  - 


I0(s)  = 


2  (s  +  4) 


(s  +  l)(s  +  3)  s  +  1  s  +  3 
i  =(  3e-t  -e~3t)u(t)  A 


34.  (B)  = 


W  i  +  2s  +  2  s'+s  +  2 


The  roots  are  imaginary  so  network  is  underdamped. 

35.  (C)  The  characteristic  equation  is 

s(s2  +  8s  +  16)  =0,  (s  +  4)2  =0,  s  =  -4,  -  4 

Being  real  and  repeated  root,  it  is  critically  damped. 


36.  (B)  v  =  e~2‘u(t) 


V  (s)  =  H{s)VAs)  =- 


s  +  2 


v=v,+ 


2  dvs 
dt 


V'(s)=(l  +  2s)V(s) 


V„'(s)  =  H(s)V'Ss)  =(1  +  2  s)VSs)H(s) 

v'a  =25(s)  -  3e~2tu(t) 


Vo'(s)=i±^=  2-  3 


s  +  2 


s  +  2 


37.  (C)  It  is  a  second  order  circuit.  In  steady  state 

i=^—=  2  A  ,  v=2x  1=2  V 
4  +  1 


/(sl¬ 


id 


2s  +  4  + 


5(s  +  2) 

1  ^(s  +  2)2  +  1 

l  +  -s 
2 


10 


V(s)  =- 


l  +  -s 
2 


10 


(2s  +  4)  + 


(s  +  2)  +  1 


l  +  -s 
2 


V(s)  2 


/(s)  s  +  2 


,  It  has  one  pole  at  s  =  -2 


39.  (D)  Poles  and  zero  does  not  interlace  on  negative 
real  axis  so  it  is  not  a  immittance  function. 

40.  (C)  The  singularity  nearest  to  origin  is  a  zero.  So  it 
may  be  RL  impedance  or  RC  admittance  function. 
Because  of  (D)  option  it  is  required  to  check  that  it  is  a 
valid  RC  admittance  function.  The  poles  and  zeros 
interlace  along  the  negative  real  axis.  The  residues  of 
Y  ( s ) 

—  are  real  and  positive, 
s 


41.  (B)  The  singularity  nearest  to  origin  is  a  pole.  So  it 
may  be  RC  impedance  or  RL  admittance  function. 

42  (A)  S  +7s+6_(s  +  lXs  +  6) 
s  +  2  (s  +  2) 

The  singularity  nearest  to  origin  is  at  zero.  So  it  may  be 
RC  admittance  or  RL  impedance  function. 

43.  (D) 

(A)  pole  lie  on  positive  real  axis 

(B)  poles  and  zero  does  not  interlace  on  axis. 

(C)  poles  and  zero  does  not  interlace  on  axis. 

(D)  is  a  valid  immittance  function. 

*  *  /  a  s  +  8s  +  15  (s  +  3)  (s  +  5) 

44.  (A)  — - = - 

s  +  6s  +  8  (s  +  2)  (s  +  4) 

The  singularity  nearest  to  origin  is  a  pole.  So  it  may  be 
a  RL  admittance  or  RC  impedance  function. 


45.  (A)  The  singularity  nearest  to  origin  is  a  pole.  So 
this  is  RC  impedance  function. 

8  1  8  1/3 

S  1+S 
3 


Z(s)  =  3  - 


=  3 


38  (D)  s  24  _  (s  +  4)(s  +  6) 

s2  +  8s  +  15  (s  +  3)(s  +  5) 

The  singularity  near  to  origin  is  pole.  So  it  may  be  RC 
impedance  or  RL  admittance  function. 
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Statement  for  Q.l-2: 


In  the  circuit  of  fig.  PI. 9. 1-2  4  =  4sin2£  A,  and 


h  =  °- 


3  If  4  =e  2t  V  and  i2  =0,  the  voltage  v2  is 

(A)  -6e'2'  V  (B)  6e'2i  V 

(C)  L5e“2'  V  (D)  -1.5e"2'  V 


1H 

o 


2  H  . 


1  H 


Fig.  PI. 9. 1-2 


El  Pi  =  ? 

(A)  -16  cos  2 1  V 
(C)  4  cos  2 1  V 

3  =  ? 

(A)  2  cos  2 1  V 
(C)  8  cos  2£  V 


(B)  16  cos  2 1  V 
(D)  -4  cos  2t  V 

(B)  -2  cos  2 1  V 
(D)  -8  cos  2£  V 


Statement  for  Q.3-4: 

Consider  the  circuit  shown  in  Fig.  PI. 9. 3-4 


3  H 


3  H  ■ 


4  H 


Fig.  PI. 9. 5-6 

3  If  4  =0  and  i2  =2 sin  At  A,  the  voltage  v1  is 
(A)  24  cos  At  V  (B)  -24  cos  At  V 

(C)  1.5  cos  At  V  (D)  -1.5  cos  At  V 


Statement  for  Q.5-6: 

Consider  the  circuit  shown  in  fig.  P19.5-6 


2  H 

n 


2  H  ■ 


3  H 


Fig.  PI. 9. 5-6 


3  If  current  4  =  3 cos  At  A  and  i2  =0,  then  voltage  v1  and 


(A)  v1  =-24  sin  At  V, 

(B)  vx  =24  sin  At  V, 

(C)  v1  =  1.5  sin  4t  V, 

(D)  l>,  =  -1.5  sin  At  V, 


t>„  =  -24  sin  At  V 


t>2  =  -36  sin  At  V 


t>2  =sin  4t  V 


v2  =  -sin  4i  V 


If  current  4=0  and  t2  =  4  sin  3t  A,  then  voltage  v1  and 
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(A)  v1  =24  cos  3 1  V, 

(B)  v1  =24  cos  3 1  V, 

(C)  v1  =  -24  cos  2>t  V, 

(D)  v1  =  -24  cos  3 1  V, 
www.gatehelp.com 


v2  =  36  cos  3 1  V 


v2  =  -36  cos  3t  V 


t>2  =  36  cos  3t  V 


u2  =  -36  cos  3t  V 
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Statement  for  Q.7-8: 

In  the  circuit  shown  in  fig.  PI. 9. 7-8,  i,  =  3cos  3f  A 


and  i2  =  4  sin  3f  A. 


l  H 

n 

2H  5  ?  2H 


Fig.  PI. 9. 7-8 


0  Pi  =  ? 

(A)  6(-2cos  t  +  3  sin  t)  V 
(C)  -6(2  cos  t  +  3  sin  t)  V 


p2  =  ? 


3 

(A)  3(  8  cos  3£  -  3  sin  t)  V 
(C)  3(8  cos  3 1  +  3 sin  3 t)  V 


(B)  6(  2  cos  t  +  3sin  t )  V 
(D)  6(2  cos  t  -  3  sin  t)  V 

(B)  6(2 cos  t  +  3sin  t)  V 
(D)  6(2  cos  t  -  3sin  t )  V 


Statement  for  Q.9-10: 

In  the  circuit  shown  in  fig.  PI. 9. 9-10,  i,  =5  sin  3t  A 


and  i2  =  3  cos  3t  A 


M  L, 


\ 0  4,  =  ? 


3  H 


|  3.6  H 

piH 

I  1.4  H 


Fig.  PI. 9. 12 

(A)  4  H 

(B)  6  H 

(C)  7  H 

(D)  0  H 

S3  K  =  ? 

O - 1 

[• 

2  4  H 

[>H 

3  2  H 

[• 

o - 1 

Fig.  PI. 9. 13 

(A)  2  H 

(B)  4  H 

(C)  6  H 

(D)  8  H 

3  H 

n 

4  H 

+ 

4  H 

■  4H  «2 

p  h 

Fig.  PI. 9. 9-10 


Fig.  PI. 9. 14 


3  V1  =? 

(A)  9(5  cos  3£  +  3  sin  3 1)  V 
(C)  9(4  cos  3£  +  5  sin  3 1)  V 

EE2  v2  =  ? 

(A)  9(— 4  sin  3t  +  5  cos  3 1)  V 
(C)  9(-4  sin  3t  -5  cos  3 1)  V 


(B)  9(5  cos  3 1  -  3  sin  3 1)  V 
(D)  9(5  cos  3 1  -  3  sin  3 1)  V 

(B)  9(  4  sin  3t  -  5  cos  3 1)  V 
(D)  9(4  sin  3 1  +  5  cos  3£)  V 


m  In  the  circuit  shown  in  fig.  PI. 9. 11  if  current 
4  =5cos  (500£  -20°)  mA  and  i2  =20 cos  (500 1  -20°)  mA, 
the  total  energy  stored  in  system  at  t  =  0  is 


“i 

o- 


k=0.6  X 

n 

2.5  H  3  >  0.4  H  v2 


Fig.  PI. 9. 11 


(A)  151.14  pJ  (B)  45.24  pJ 

(C)  249.44  pj  (D)  143.46  pj 


(A)  8  H  (B)  6  H 

(C)  4  H  (D)  2  H 


E 0  4,  =  ? 


(A)  0.4  H 
(C)  1.2  H 


2  H 


Fig.  PI. 9. 15 


(B)  2  H 
(D)  6  H 


ffil  The  equivalent  inductance  of  a  pair  of  a  coupled 
inductor  in  various  configuration  are 

(a)  7  H  after  series  adding  connection 

(b)  1.8  H  after  series  opposing  connection 

(c)  0.5  H  after  parallel  connection  with  dotted 
terminal  connected  together. 
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The  value  of  L,  ,  L2  and  M  are 
(A)  3  H,  1.6  H,  1.2  H  (B)  1.6  H,  3  H,  1.4  H 

(C)  3.7  H,  0.7  H,  1.3  H  (D)  2  H,  3  H,  3  H 

EH  K  =  ? 

0 -  2  HI - 


;  ; 


Fig.  PI. 9.17 


M  Leq  =  ? 


(A)  1  H 
(C)  3  H 


Fig.  PI. 9.20 

(B)  2  H 

(D)  4  H 


(A)  0.2  H 
(C)  0.4  H 


EH  Leq  =  ? 


(A)  1  H 
(C)  3  H 


(B)  1  H 
(D)  2  H 


3  H 

5H  5  £  3H 


Fig.  PI. 9. 18 

(B)  2  H 
(D)  4  H 


L  =  ? 

eg 


[4H  •  3H 
■  2H 


3H  <  >  2H 


X 


41 

(A)^H 

5 


Fig.  PI. 9.21 

49 

(B)  —  H 
5 


(C)  —  H 
5 


(D)  —  H 
5 


In  the  network  of  fig.  PI. 9. 19  following  terminal  are 
connected  together 

(i)  none  (ii)  A  to  B 

(iii)  B  to  C  (iv)  A  to  C 


2  H 


Statement  for  Q.22-24: 

Consider  the  circuit  shown  in  fig.  PI. 9. 22-24. 


^3  The  voltage  VAG  of  terminal  AD  is 
(A)  60  V  (B)  -60  V 

(C)  180  V  (D)  240  V 


The  correct  match  for  equivalent  induction  seen  at 


terminal  a  - 

b  is 

i%l  The  voltage 

vBG  of  terminal  BD  is 

(i) 

(ii) 

(iii) 

(iv) 

(A)  45  V 

(B)  33  V 

(A) 

1  H 

0.875  H 

0.6  H 

0.75  H 

(C)  69  V 

(D)  105  V 

(B) 

13  H 

0.875  H 

0.6  H 

0.75  H 

EE1  The  voltage 

vCG  of  terminal  CD  is 

(C) 

13  H 

7.375  H 

6.6  H 

2.4375  H 

(A)  30  V 

(B)  0  V 

(D) 

1  H 

7.375  H 

6.6  H 

2.4375  H 

(C)  -36  V 

(D)  36  V 
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IeJ  In  the  circuit  of  fig.  PI. 9. 33  the  co  =  2  rad/s.  The 

resonance  occurs  when  C  is 

C 

o - II- 


V2H 

o 


2  H 


■  2  H 


4fi 


(A)  1  F 
(C)  i  F 


Fig.  PI. 9. 33 

(B)  |  F 

(D)  i  F 


raW  In  the  circuit  of  fig.  PI. 9. 34,  the  voltage  gain  is  zero 
at  (o=  333.33  rad/s.  The  value  of  C  is 

20  n  0.09  H  40  n 


(A)  100  pF 
(C)  50  pF 


(B)  75  pF 
(D)  25  pF 


In  the  circuit  of  fig.  PI. 9. 3 7  the  maximum  power 


delivered  to  RL  is 


ion 

-AA/V 


100  v„ 


1  :  4 

•  • 


Fig.  PI. 9. 37 


(A)  250  W 
(C)  150  W 


(B)  200  W 
(D)  100  W 


bKI  The  average  power  delivered  to  the  8  Q  load  in  the 

circuit  of  fig.  PI. 9. 38  is 

300  n  /,  /, 

— VW— 


50  V„. 


©  -omv.A 


80, 


(A)  8  W 
(C)  625  kW 


Fig.  PI. 9.38 

(B)  1.25  kW 
(D)  2.50  kW 


fSfil  In  the  circuit  of  fig.  PI. 9. 35  at  co=  333.33  rad/s,  the 
voltage  gain  vouJvin  is  zero.  The  value  of  C  is 

c 


(A)  3.33  mF 
(C)  3.33  pF 


(B)  33.33  mF 
(D)  33.33  pF 


Ujj  The  Thevenin  equivalent  at  terminal  ab  for  the 
network  shown  in  fig.  PI. 9. 36  is 

60  n 

®AA /- 


1  :  4 

•  • 


20 


b  o- 


^204 


(A)  6  V,  10  Q 
(C)  0  V,  4  Q 


Fig.  PI. 9. 36 

(B)  6  V,  4  Q 

(D)  0  V,  10  Q 


In  the  circuit  of  fig.  PI. 9. 39  the  ideal  source  supplies 
1000  W,  half  of  which  is  delivered  to  the  100  Q  load.  The 
value  of  a  and  b  are 

40 

AAAr 


100  vm 


(A)  6,  0.47 
(C)  0.89,  5 


m  h  =  ? 


25  n 

-WV 


50  V„ 


(A)  1.65  An 
(C)  0.66  A„ 


1  : 

•  • 


25  n 

AW 


1  :  b 

•  • 


Fig.  PI. 9. 39 

(B)  5,  0.89 
(D)  0.47,  6 


/2  2fi 

=tAAA/- 


3  :  1 

•  • 


4  :  3 

•  • 


Fig.  PI. 9. 40 


(B)  0.18  An 
(D)  5.90  A 


ioo  n 


'  3  £1 
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HI  v2  =  ? 


son 


(A)  -12.31  V 
(C)  -9.231  V 


(B)  12.31  V 
(D)  9.231  V 


The  power  being  dissipated  in  400  Q  resistor  is 
in 


to  v„ 


4£! 

- VSAr 


1  :  2 

•  • 


1  :  5 

•  • 


48  n , 


■  400  n 


Fig.  PI. 9.42 


(A) 

(C) 


3  W 
9  W 

1=1 


(B)  6  W 
(D)  12  W 


80 


ion 


je 


(A) 

(C) 


1.921Z57.40  A 
1.68Z43.60  A 

Z  =? 

in 

j'lo  6  n 


(B)  2.931Z59.40  A 
(D)  1.79Z43.60  A 


24  n 


6n 


1  :  5 

•  • 


4  :  1 

•  • 


:  -AO 


Fig.  PI. 9. 44 


(A)  46.3  +  j 6.8  Q 
(C)  10.8  +  j'9.6  Q 


(B)  432.1  + j0.96fi 
(D)  615.4  +  j'0.38  Q 


SOLUTIONS 


1.  (B)  o,  =2 


^  +  1^=2^  =  16cos2f  V 
dt  dt  dt 


di2  ...  d\  _  dij 


2.  (C)  v2  =(1)Z^  +  (1)ZA=ZA  =8  cos  2  tV 


dt 


dt  dt 


di,  g  di2 

_  ^  dly 

dt 

dt 

dt 

di2  g  dix 

—  —3 

dt  dt 

dt 

di\  2  di2 

=  2^  = 

dt 

dt 

dt 

-24  cos  4 1  V 


di^ 

dt 


dh=2dh 
dt  dt 


6.  (D)  o,  =2^-2^-=-2^-  =  -24cos  3£  V 
d£  dt  dt 

3°^ +  2  ^  =  -3  ^=-36  cos  3 IV 


d£ 


d£ 


df 


7.  (A)  u.  =  2^-  +  l^ 

1  dt  dt 

=  -18  sin  £  +  12  cos  £  =  6  (2  cos  t  -  3  sin  t)  V 


_  2  di 2 

+  1 

dtx 

2  dt 

d£ 

3t  -  9  sin  3£ 

=  3i 

11 

CO 

1  a- 

-3 

di2 

dt 

dt 

=  45  cos  3t  +  27  sin  3£  =9(5  cos  3t  +  3  sin  3 1)  V 


10.  (D)  p,  =-4^-  +  3^- 
dt  dt 

=  36  sin  3t  +  45  cos  3 1  =9  (4  sin  3£  +  5  cos  3 1)  V 


11.  (A )W  l  LX +Mi1i2 

At  t  =0,  =  4 cos  (-20°)  =  4.7  mA 

i2  =  20  cos  (-20 ° )  =  18.8  mA  , 

M  =0.6  ^2.5  x  0.4  =0.6 

W  =-(2.5)(4.7)2  +  — (0.4)(18.8)2  +  0.6(4.7)(18.8) 
2  2 

=  151.3  pJ 


12.  (C)  Leq  =  4  +  L2  +  2M  =7  H 
www.gatehelp.com 
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13.  (A)  L  =  4  +  L2  -2 M  =  4+  2-2x2=2  H 


14.  (C)  Leq  =  L]  L'2  M 2  =  24  16  =4  H 

9  4+4-2M  6  +  4-8 


15.  (A)  L  =  L|La  =— — —  =0.4  H 

89  4  +  L2  +  2M  6  +  4 


22.  (C)  ,  =20  ^  +  4f^M  =  180  V 


dt 


dt 


23.  (B)  vRG  =  3 


<7(157)  .  <76(7)  „  d  (67) 


dt 
d(6t ) 


-  6  — —  =  33  V 


dt  dt 


24.  (C)  t;CG  =  -6  2TZZ  =  -36  V 
dt 


16.  (C)  4  +  4  +  2M  =  7,  4  +  4  -2M  =1.8 
=>  4  +  4  =  4.4,  M  =  1.3 

LiL2-M  =Q5  l  l  -132  =0.5  x  1.8 

4+4 -2M  ^  2 

44  =2.59,  (4  -4)2  =  4.42  -  4x2.59  =9 

4  -  4  =  3,  4  =  3-7,  4  =0.7 


17.  (D)  4? 

18.  (B)  Leq 

19.  (A) 


Fig.  S. 1.9. 19 

20.  (D)  VL1  =  Is/  +  Is/  =  2s7 
Vi2  =  2sl  +  lsl  -  2sl  =  si, 

VL3  =  3sl  -  2 si  =  si 

VL  =  VL1  +  VL2  +  VL3  =  4s7  =>  4=4H 


25.  (B)  Z  =Z, 


co  M 


=  4  +  7  (50) 


5  +  j  (50)  — 
2 


=  4.77  +  7  1.15  Q 


26.  (B)  Vs  =  7  (0.8)10(12 Z0)  -7  (02)(10)(2Z0) 

+[3  +  7(05X10)]  (12  Z0  +  2Z0) 
=  9.6  +  7'21.6  =26.64Z66.04°  V 


27.  (A)  [7'dOOTt)  (2)  +  10J4  +  7'(100ti)(0.4)  (2Z0)  =0 
=>  1 2  =  -0.4  -  70.0064, 

V0=  104  =-4-70.064 
=  4Z- 179.1° 

^  va  =4  cos  (100^-179.1°)  V 


28.  (B)  30Z30°=4-7'6  +  78-74  +  j!2-jA  +  10) 


30Z30° 
(10  +  76) 


=  2.57  -70.043 


V0  =4712  -74  +  10) 

=  (2.57  -7'0.043)(10  +  87) 

=  26.067  +  720.14  =  32.9Z37.7°  V 


21.  (B)  Let  7,  be  the  current  through  4  H  inductor  and 


1 2  and  4  be  the  current  through  3  H,  and  2  H  inductor 

respectively 

7=7+7  V  =  V 

I1  v2  v3 

3s72  +  3s7,  =2s73  +  2s7, 

=>  372  +71  =273  =>  472  =  73 


V  =  4s7j  +  3s72  +  2s73  +  3s72  +  3s  7, 

r,  T  r  2x4s. 

=  7s7j  +  —  7,  +  — - — 73 
5  5 

v  49  49 

y=Ts7l’49=TH 


29.  (A) 


2  a 


2  n 


12Z300  V 


(-7  +  2  +  y4)7,  -  772  =  -73 
(74  +  2)72  -  77,  =  -12  Z30°  V 
7,  =-1.45  -70,56, 

Vx  =-2  7,  =2.9  +  7I.12 
=  3.1 1Z2 1.12°  V 
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20  n 


40  n 


30.  (D) 


>  io 


>18 


>20  = 


ZeQ  =  10  +  j'8 


T 


Fig.  S.  1.9.30 
014)010  + 2 -y6) 
714 +  7IO+ 2 -76 


=  11 2  +  7 112  0 
31.  (C)  Zm  =  (-76)  W(Z0) 
Z.-J20-  (12)I 


O30  +  75-J2  +  4) 


=  0.52  +  715.7 


(-76X052  +  715.7)  =  9?Q 

(-76  +  0.52  +  715.7) 


32.  (D)  M  =kyjL1L2  ,  M2  =  160x10 
ra2M2 


zm  =  7®4 


ZL  +  j(oL2 


=  >250  x  103  x  2  x  10"6  + 
Zm  =0.02  +  7O.I7  O 
33.  (D) 


(250  xlO3)2  x  160  x  1012 
2  +  >10  +  j  x  250  x  103  x  80  xl(T 


4  Cl 


Fig.  S.  1.9.33 


Vl=“2C+J'47l+J'2^/2 
0  =(4  +  4  j)I2  +  j2j2I1 

=>  h==^~ 

2(1  +  7) 

H  =  zl+  H  ,  2  _-7  +  78C  +  2C-7'2C 

I,  2C  J  I  +  7  2C 


Z...  = 


-7  +  78C  +  2C-72C 


2C 


Im(ZJ=0 
=>  C  = 


-7  +  7'8C-7'2C=0 


35.  (D)  The  71  equivalent  circuit  of  coupled  coil  is  shown 
in  fig.  SI. 9. 35 


M 

n 


=  L^-M2 


/'YYY'l _ 

L^-M2 

M 


L2-M 


'  Lt-M 


Fig.  SI. 9. 35 

4L2  -M2  _  yjL.Lzd-k2)  _  VO.12  x  027(1.0.52) 


M 


Output  is  zero  if  — 7  +  /Cra  =  0 

027® 


0.5 


=  027 


C  = 


2  =  33.33  pF 


027® 

36.  (C)  Applying  1  V  test  source  at  ab  terminal, 


60  n 

AAA/- 


IV 


20 ir 


Fig.  SI. 9. 36 


va4=iv,4=^=0.05  a,  y2=4V, 

4  =  60  I2  +20x0-05  =>  4  =0.05  A 

4  =4+4=4+44=025  A 
f?ra=— =  4Q,  Vr„  =  0 


37.  (A)  Impedance  seen  by  =  10  x  42  =  160  Q 
For  maximum  power  RL  =  160  Q,  Zo  =  10  Q 


100 

10  +  10 


x  10  =250  W 


34.  (A)  7  30  - 


37 


1000c 


=  0,  C  =  100  pF 


38.  (B)  4  =^A  7  =I*=Y*  ,  y  =5V„ 
2  8  1  5  40  1  2 
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Statement  for  Q.l-4: 

The  circuit  is  given  in  fig.  P.1.10.1-4 


[h]=? 


2J1 

“AAAr 


Hlz]  = 


(A) 


2  n 

AW- 


in 


3n 


Fig.  P.l. 10.1-4 


17 

1 

"17 

1" 

(C) 

6 

1 

2 

3 

(D) 

6 

1 

2 

3 

.  6 

2_ 

.6 

2_ 

(A) 


(C) 


3  m 


=  ? 


(C) 


3 

2  -3 


[z]  =  ? 


2  n 

"AAAr 


'  6 

3 

"  8 

r 

17 

17 

(B) 

3 

3 

3 

24 

1 

2 

.17 

17 

_  3 

3. 

6 

3  " 

‘8 

1" 

17 

17 

(D) 

3 

3 

3 

24 

1 

2 

.  17 

17. 

.3 

3. 

1 

3" 

1 

3" 

°o 

'  17 

-8 

2 

2 

(B) 

2 

2 

(A) 

(B) 

3 

17 

1 

17 

1 

2  3 

-2 

3 

_  ~6~ 

2. 

.  6 

2. 

17 

- 

"17 

- 

(D) 


3 

2  -  3 


2!i 

-AAAr 


19 

ii 

Vi 

*  in  < 

>20 

>30 

3 

1" 

3 

1 

- 

(A) 

8 

8 

(B) 

8 

8 

1 

17 

1 

17 

Fig.  P.1.10.5 

.8 

24. 

_  8 

24. 

21 

1 

7 

1 

(A) 

16 

8 

(B) 

9 

6 

1 

7 

1 

7 

17 

r 

'  17 

1" 

.  8 

12 

_  6 

4. 

(C) 

6 

2 

(D) 

6 

2 

r  21 

1 

r  7 

1] 

1 

.2 

3 

2. 

1 

_  8 

3 

2. 

(C) 

16 

1 

8 

7 

(D) 

9 

1 

3 

7 

_  8 

12. 

_  3 

4. 
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Hty]=? 


e n  w 


= ? 


Fig.  P.1.10.6 


(A) 


(C) 


"11 

2  ' 

11 

2  ' 

41 

41 

(B) 

41 

41 

2 

19 

2 

19 

.41 

41. 

41 

41. 

"19 

2  ' 

19 

2  ' 

41 

41 

(D) 

41 

41 

2 

11 

2 

11 

.41 

41. 

41 

41. 

Statement  for  Q.7-10: 

A  two  port  is 
72=-2/1+0.4V2 

a  [Z]=? 

(A) 


11  -5 

-5  2.5 


(C) 


1  -2 
5  0.4 


(B) 

(D) 


H[y]  =  ? 

m  5 

5  2.5 


(A) 


(C) 


-2  4.4' 

4  -2 


(B) 


(D) 


0[A]=? 
(A) 


3  -  6 

4  -4 


(C) 


1 

-2 


2 

0.4 


(B) 


(D) 


EE  [T]=? 
(A) 


2.2  0.5 

0.2  0.5 


(C) 


1  2 
-2  0.4 


(B) 


(D) 


by 

11 

11 

5" 

5 

2.5 

1 

2" 

-2 

0.4 

1 

-2  ' 

-2 

4.4_ 

11 

-5  ' 

-5 

2.5 

4 

-2" 

-2 

4.4 

11 

5" 

5 

2.5 

2.2 

-0.5" 

0.2 

-0.5 

1 

-2  ' 

-2 

-0.4 

(A) 


(C) 


1 

-1 


1  1 

2  2 

1  3 

4  4. 


EE  Lz]=? 


(A) 


(C) 


EE  [yl=  ? 


(A) 


(C) 


7 

4 

1 

2 

10 

19 

6 

19 


1. 

4 

5 
4 

19 

14 

19 


(B) 


(D) 


®  -1 
2 

1  1 

2 


1. 

4 

1 

2 


4  2" 

1  1 

3  3 

(B) 

2  2 

2  2 

1  ! 

|  CO 

|  CO 

1 

_  2  J 

2  2" 

r  1  l1 

3  3 

(D) 

2 

4  2 

1  1 

OO  | 

CO  | 

1  oq 

1 

1  <N 

(B) 


(D) 


7 

4 

3 

4 

_6_ 

19 

10 

19 


1 

4 

5 
4 

1 

1 

2 
19 
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E0[z]= 


E0[^ 


(A) 

(C) 


2 
3 

3  3 

3  2 

[z]=? 


(D) 


3  3 

-3  -2 


(A) 


(C) 


2  2 

3  2 
2 

2  3 
2 

2  2 


(B) 


-2 


3 
2 

2  -2 


[y]  =  ? 


(A) 


(C) 


2 

3 

1 

3 


(A) 


(C) 


3 
6 

7 

4 
1 
2 


2 

1 

7. 

1 

3 


(B) 


(D) 


6 

3 

1 

2 

7 

4 


1 

7 

2 

3 

1 


0[T]=? 


(A) 


0.35  - 1 

2  -  3.33 


(B) 


2  -  3.33 

0.35  -1 


2  -2“ 

(C) 

"  2  3.33" 

(D) 

‘  0.35  1 

(D) 

-3  2 

0.35  1 

2  3.33 

L  2 

[0  lh]  - 


(A) 


-2  i 
2. 


(B) 


-2 

4 


- 

2  1 

4  -31 

r2  ^ 

(D) 

3  3 

1  1 

(C) 

2 

2  - 

(D) 

2 

4  -3 

.  3  3_ 

L  2  J 

L  2  J 
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(A) 

(C) 


za  +  Zab 

Zab 

(B) 

Za  ~Zab 

Z  ab 

Zab 

Zb  +  Zab  _ 

Zab 

Zb  -  Zab  _ 

Za  +  Zab 

-  Zab 

(D) 

Zab  -  Za 

Zab 

_  ~Zab 

Z  b  +  Zab  _ 

Za  b 

Zab  -  Zb  _ 

[y]  = ' 


Fig.  P. 1.10.27 


(A) 


(C) 


Va  + 

1 

o 

_ 1 

(B) 

Yb+Yab  j 

~Y  -Y 

1  ab  1  a 

(D) 

y 

L  1  ab 

Y*-Ya_ 

Y  -  Y  Y 

a  ab  ab 

Y  Y  -  Y 

1  ab  1  b  1  ab 


Y  -  Y  -Y 

a  ab  ab 

-  y  Y  -  Y 


JIJ  The  j'-parameters  of  a  2-port  network  are 

“5  3'  „ 


[y]  = 


1  2 


A  resistor  of  1  ohm  is  connected  across  as  shown  in 
fig.  P.1.10.2  8.  The  new  y  -parameter  would  be 

in 


(A) 


(C) 


6  4 

2  3 

'5  4 

2  2 


(D) 


4  4 

2  1 


For  the  2-port  of  fig.  P.1.10.29,  [ya]  = 


2  0 
0  10 


mS 


60  n 


v  ^  300  n 


V 

The  value  of  —  is 

V. 


(A) 

3 

(B)  — 

32 

16 

2 

1 

(C) 

(D)  — 

33 

17 

Til  The  T-parameters  of  a  2-port  network  are 

"2  1 


IT]  = 


1  1 


If  such  two  2-port  network  are  cascaded,  the 
z  -parameter  for  the  cascaded  network  is 

5  1" 


(A) 


(C) 


2  -2" 

1 

(B) 

1 

L  2 

"  5  1 

r 

3  3 

(D) 

1  2 

_  3  3. 

- 

3 

1 

3 

2 

1 

2 


[y]  =  ? 


20 


in 


(A) 


(C) 


19 

10 

__9_ 

10 

19 

10 

9_ 

10 


-9 

10 

31 

10 

9 

10 
31 
10 


Fig.  P. 1.10.31 


(B) 


(D) 


19 

-7 

10 

10 

7 

31 

10 

10 

19 

7  " 

10 

10 

7 

31 

10 

10_ 

Fig.  P.1.10.32 
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(A) 

(C) 

03.  h21  =  ? 


s  +  3 

2s' 

(B) 

s  +  3 

-2s 

2s  +  2 

4 

-2s -2 

4s  +  4 

s  +  3 

-2s" 

(D) 

3s  +  3 

-2s 

-2s -2 

4 

-2s -2 

4s  +  4 

The  circuit  shown  in  fig.  P.1.10.37  is  reciprocal  if  a 


R 

-VW 


R 

-A/W 


(A)  -  — 
2 

(C)  -- 
2 


Fig.  P.1.10.33 

(B)| 

(D)  — 
2 


In  the  circuit  shown  in  fig.  P.1.10.34,  when  the 
voltage  V1  is  10  V,  the  current  7  is  1  A.  If  the  applied 
voltage  at  port-2  is  100  V,  the  short  circuit  current 
flowing  through  at  port  1  will  be 


(A)  0.1  A 
(C)  10  A 


(B)  1  A 
(D)  100  A 


For  a  2-port  symmetrical  bilateral  network,  if 
transmission  parameters  A  =  3  and  B=1Q,  the  value  of 
parameter  C  is 

(A)  3  (B)  8  S 

(C)  8Q  (D)  9 

BT51  A  2-port  resistive  network  satisfy  the  condition 

A  =  D  =  —  B  =  —  C.  The  z, ,  of  the  network  is 
2  3 


(A,f 

<C)! 


(B)7 

- 


is 


(A)  2 
(C)  1 

M  z„  =  ? 


(B)  -2 
(D)  -1 


y,  >  l  kn 


(A)  86.4  Q 
(C)  153.8  Q 

EB  vi ,  va  =  ? 


(B)  64.3  Q 
(D)  94.3  Q 


■  ioo  n 


(A) -68.6  V,  114.3  V 
(C)  114.3  V,  -68.6  V 


(B)  68.6  V,  -114.3  V 
(D) -114.3  V,  68.6  V 


jj  A  2-port  network  is  driven  by  a  source  Vs  =  100  V  in 
series  with  5  Q,  and  terminated  in  a  25  Q  resistor.  The 
impedance  parameters  are 

20  2 
40  10 


[z]  = 


Q 


The  Thevenin  equivalent  circuit  presented  to  the 
25  Q  resistor  is 

(A)  80  V,  2.8  a  (B)  160  V,  6.8  Q 

(C)  100  V,  2.4  Q  (D)  120  V,  6.4  Q 
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[z]  = 


7 

4 

1 

2 


ZJ;=n  4=36 


h=0 


1  :  3 

•  • 


18.  (D)  Let  I3  be  the  clockwise  loop  current  in  center 
loop 

V2  =  4(1 2  +  73)  I3  =  025V2  - 1 2 

— (i) 


'l  4fi  ' 


;  .  ? 

I2 

V,  < 

1 

■9Q  C 

7,=^  +  7. 

10 


Fig.  SI. 10.23b 


zz>  7,  =  0.35V2  —  72 

V,  =47,  -02V,  +  V2 

12V,  =  4(0.35V2  -72)  +  V2  =2.4 V2  -  472 

=>  V,  =2V2  -  3.337 2 


V2  =(3611  9)7„  =727, 


Z12  —Z21  —2.4 


V 

z22=-^  =  72, 


19.  (A)  V2=4|  h+h-f 


7 2  -  -27,  +  —  V2 


J  _  I2  |  (V!  -  v2)  -  v2  _  7  +  V^+ 


V, 


=*  V,  =47,  +^V2 


20.  (B)  7,  =-V2 


^  Vi  -  V2  _  3 


- =  “V1  --V2 

2  2  2 


V  V -V  3  3 

7  =2V  +  21*  +  A* — hl=- V  +  -  V2 
2  1  1  2  2  2 


21.  (D)  7,  =2  V,  +  jV,+j(V,  -  V2) 

=>  7,  =(2  +  j2)V,  -/V, 

72  =  ^  +  V,  +  7(V2  -  V,)  =(1  -  j)V,  +  (1  +  j)V2 


— (ii) 

...(h) 

...G) 

...(i) 

...(h) 


...(i) 

...(h) 


24.  (C)  V,  =  3s7,  +  3s7,  -  3s7,  +  3.s7,  +  2s72 

=>  V1=6s71+2s72  ...(i) 

V2=3s72+2s7,  =>  V2  =2«7,  +  3s72  ...(ii) 

25.  (C)  V,  =  ^  +  0(-72),  7,  =(0)V2  +  5(-72) 

5 

26.  (A)  V,  =  (ZB  +  ZfJ7,  +  Z„672  ...(i) 

V2  =  (Z„  +  ZJI2  +  ZabIx  =  Za67,  +  (Za  +  Zab)I2  ....(ii) 

27.  (A)  7,  =  (V,  -  V2)Ya6  +  VlYa 

=>  7,  =v,(ya  +  yo6)-v2ya6  ...a) 

72  =(v2  -  v,)v„6  +  v2v6  =  -v,v„6  +  v2(y„  +  va6)  ...(h) 

28.  (B)  y-parameter  of  1  Q  resistor  network  are 

1  -1 
-1  1 


22.  (B)  V,  =  h,  +  si,  +  si 


V2  =  272  +  2s  1 2  +  s7. 


23.  (D)Z*  =4  =  ^  =  1 


(  -  +  s  ]7,  +  s72  ...(i)  New  y-parameter  = 

"5  3" 

+ 

1  -1 

_ 

‘6  2" 

0  3 

U  J 

1  2 

-1  1 

V2  =  s7,  +  (2  +  2s)72  ...(ii) 


2  mS 

0 

-1 

"5000 

0  ' 

0 

10  mS 

0 

100 

"5000 

0 

100 

100" 

‘600 

100" 

0 

100 

+ 

100 

100 

100 

200 

Fig.  SI. 10.23a 

V,  =(4111)7,  =  ^7,  =>  z„=^  =  0.8 

5  7, 


29.  (A)  [zl  = 


[zl  = 


Vi  =  6007,  +  10072  ,  V2  =  1007,  +  20072 

Vs  =  607,  +  V,  =  6607,  +  10072  ,  V2  =  V„  =  -30072 

2  V 

V0  =  1007,  -  —  V,  ^  7,  =  " 

o  1  3  »  1  60 

V  V  3 

Vs  =11V0  ^  ->=  — 

3 


V2  =  V2  =  nV[  =  3|  ^7, 


y 

=>  z21  =  ~y~  =2.4, 

m 


30.  (C) [T„]  = 


2  1 
1  1 


V5  32 


2  1 
1  1 


V,  -5V2  -  37 2  ,  7,  —  3V2  — 272 
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3V|  57,  —  1 2 

V = -I  +-I 
2  31  3  2 


V  =- 1  +  —I 
1  3  1  3  2 


...(ii) 


31.  (B) 

2fi 

o — VW 


l  n 

-VSA/ — o 


2  n 


in 


in. 


Fig.  S. 1.10.31a  &  b 


[*J  = 


[yj  = 


2  1" 

3  1 

5  5 

,  [yj  = 

2  2 

1  3 

1  5 

.  5  5  _ 

.2  2. 

[y]  =  [ya]  +  L3,i)]  = 


19 

7 

10 

10 

7 

31 

10 

10 

32.  (D)  [yj  = 


Fig.  S.l. 10.32a 


[y]  =  [yj  =  [y6]  = 


Fig.  S.l. 10.32b 
3s  +  3  -2s 

-2s -2  4s  +  4 


33.  (C)  h21  = 


h 


,  -/,= 


7ii?  I2 


R  +  R  ’  I,  2 


34.  (C)  —  =  y21=  — =0.1 

V  10 

vi  y.=o  ±u 


Interchanging  the  port  =0.1,  72  =  100  x  0.1  =  10 

35.  (B)  For  symmetrical  network  A  =  D  =  3 
For  bilateral  AD  -  BC  =  1,  9  -  C  =  1,  C  =  8S 

A  4 

36.  (A)  *„=^=| 

37.  (A)  V,  =  0.5  V,  +7,  +  2(7,  +  72)  +  a7, 

=>  V,  =(6  +  2a)7,  +  472  ...(i) 

V2  =  2(7,  +  72)  +  a7,  =>  V2  =(2  +  a)7,  +  27 2  ...(ii) 

For  reciprocal  network 
z,2  =  z2i  >  4  =  2  +  a  =>  a  =  2 

38.  (C)  7,  =  4x  103V,  -O.lx  10"3V2 

72  =  50  x  10"3V,  +  10“3V2  ,  V2  =-10372 
-10“3V2  =50  x  10“3V,  +  10"3V2  ,  V2  =  -25V, 

V  1  o3 

1037,  =  4V,  +  2.5V,  ,  =  —  =  153.8 

1  1  1  7,  6.5 

39.  (B)  7,  =10  x  10"3V,  -  5  x  10~3V2  , 

100  =  257,  +  V, 

100  -V,  =  0.25V,  - 0.125 V2  =>  800  =10  V,  -  V2  ...(i) 

72  =  50  x  10‘3  V,  +  20  x  10"3 V2  ,  V2  =  -10072 
V2  =  -5V,  -2V2  =>  3V2  +  5  V,  =0  ...(ii) 

From  (i)  and  (ii)  V,  =  68.6  V,  V2  =-114.3  V. 

40.  (B)  100  =57,  +  V,  ,  V,  =207,  +  272 

=>  100  =257,  +  272  ,  V2  =  407,  +  1072 

800  -  5  V2  =  -3472  =>  V2  =  160  +  6.872 

VTH  =  160  V,  Rth  =  6.8  Q 

41.  (B)  V,  =z„7,  ,  V2=z217,  ,£=^ 

zu 

42.  (B)  I2  =  y2,  V,  +  y22V2  ,  I2  =-V2YL 

y2,V,  +  (y22  +  Yl)V2  =0  ,  ^ =  ~y21 

Vi  (y22+yL) 


43.  (A)  V2  —  z21 7,  +  z2272  ,  V2  —  ZLI 2 


^2  ~Z2 


,7,  +  z2 


V2(ZL  +  z22)  —  z21ZLI1  , 


Ya  _  Z21^l 
A  Z22  +  ZL 
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Statement  for  Q.l-3: 

A  parallel  resonant  circuit  has  a  resistance  of  2  kQ 
and  half  power  frequencies  of  86  kHz  and  90  kHz. 

[I  The  value  of  capacitor  is 

(A)  6  pF  (B)  20  nF 

(C)  2  nF  (D)  60  pF 


3  The  value  of  inductor  is 

(A)  4.3  mH  (B)  43  mH 

(C)  0.16  mH  (D)  1.6  mH 


3  The  quality  factor  is 

(A)  22  (B)  100 

(C)  48  (D)  200 


3  A  parallel  circuit  has  R  =  1  kQ  ,  C  =  50  pF  and  L  =  10 

mH.  The  quality  factor  at  resonance  is 

(A)  100  (B)  90.86 

(C)  70.7  (D)  None  of  the  above 

H  A  series  resonant  circuit  has  an  inductor  L  =  10  mH. 
The  resonant  frequency  coD  =  106  rad/s  and  bandwidth  is 
BW  =103  rad/s.  The  value  of  R  and  C  will  be 

(A)  100  pF,  10  Q  (B)  100  pF,  10  Q 

(C)  100  pF,  10  MQ  (D)  100  pF,  10  MQ 

1  A  series  resonant  circuit  has  L  =  1  mH  and  C  =  10  pF. 
The  required  R  for  the  BW  15.9  Hz  is 
(A)0.1Q  (B)  02  Q 

(C)  15.9  mfl  (D)  500  Q 


Statement  for  Q.4-5: 

A  parallel  resonant  circuit  has  a  midband 
admittance  of  25  x  10  :i  S,  quality  factor  of  80  and  a 
resonant  frequency  of  200  krad/s. 


3  The  value  of  R  is 

(A)  40  Q  (B)  56.57  Q 

(C)  80  Q  (D)  28.28  Q 


3  The  value  of  C  is 

(A)  2  pF  (B)  28.1  pF 

(C)  10  pF  (D)  14.14  pF 


3  A  parallel  RLC  circuit  has  R  =  1  kQ  and  C  =  1  pF.  The 
quality  factor  at  resonance  is  200.  The  value  of  inductor  is 
(A)  35.4  pH  (B)  25  pH 

(C)  17.7  pH  (D)  50  pH 


m  For  the  RLC  parallel  resonant  circuit  when 
R  =  8  kQ,  L  =  40  mH  and  C  =0.25  pF,  the  quality  factor 
Q  is 

(A)  40  (B)  20 

(C)  30  (D)  10 

SI  The  maximum  voltage  across  capacitor  would  be 

0.105u, 


(A)  3200  V  (B)  3  V 

(C)  -3  V  (D)  1600  V 


www.gatehelp.com 


Page 

101 


UNIT  1 


GATE  EC  BY  RK  Kanodia 


Networks 


m  For  the  circuit  shown  in  fig.  PI.  1.11  resonant 
frequency  fa  is 


(A)  346  kHz 
(C)  196  kHz 


Fig.  Pi. 11.12 

(B)  55  kHz 
(D)  286  kHz 


Ed  For  the  circuit  shown  in  fig.  PI.  11. 13  the  resonant 
frequency  f0  is 


22  kn 


(A)  12.9  kHz 
(C)  2.05  MHz 


(B)  12.9  MHz 
(D)  2.05  kHz 


m  The  network  function  of  circuit  shown  in 
fig.Pl.il. 14  is 

V  4 

H{m)  =  "  = -  - 

V,  1  +  yO.Ol® 

2kn 

— o— VSA t— 


==,!r  4> 


Fig.  PI. 11.14 
The  value  of  the  C  and  A  is 


(A)  10  pF,  6 
(C)  5  pF,  6 

Ed  Hi eo)=^-=? 

2012 

>LMAAr 


(B)  5  pF,  10 
(D)  10  pF,  10 


4  H 


II 

oo 

_ 

- ° 

+ 

=  0.25  F  Vo 

- o 

(A) 


(C) 


0.6 


jco(l  +  j'0.2co) 
3 

yoll  +  ja>) 


Fig.  Pi. 11.15 
(B) 


(D) 


0.6 


j  co(5  +  j(o) 

3 

yra(20  +  j  4ro) 


E  HU o)=^=? 


40  n 


— m — 

A  .«= 

=  io  n^ 

(A)  (5  +  j'20co)_1 
(C)  (5  +  y  30cb)_1 


Fig.  PI. 11.16 

(B)  (5  +  j4  to)”1 

(D)  5(1  +  jBco)”1 


EH  The  value  of  input  frequency  is  required  to  cause  a 


gain  equal  to  1.5.  The  value  is 

2kn 

AA/V- 


60  [iF  : 


(A)  20  rad/s 
(C)  10  rad/s 


Fig.  PI. 11.17 
(B)  20  Hz 

(D)  No  such  value  exists. 


Ed  In  the  circuit  of  fig.  PI.  11. 18  phase  shift  equal  to 
-45°  is  required  at  frequency  oi  =  20  rad/s  .  The  value  of 
R  is 


ion 

AW 


1  gF 


(A)  200  kQ 
(C)  100  kQ 


Fig.  PI. 11.18 

(B)  150  kQ 
(D)  50  kQ 


For  the  circuit  of  fig.  PI.  11. 19  the  input  frequency  is 
adjusted  until  the  gain  is  equal  to  0.6.  The  value  of  the 
frequency  is 


2  H 

YYYY\ 


30  n  <  v0 


(A)  20  rad/s 
(C)  40  rad/s 


Fig.  PI. 11.19 

(B)  20  Hz 
(D)  40  Hz 


Page 

102 


www.gatehelp.com 


UNIT  1 


GATE  EC  BY  RK  Kanodia 


Networks 


Bode  diagram  of  the  network  function  Va/Vs  for  the 
circuit  of  fig.  PI.  11.30  is 


4T> 


(C) 


(D) 


SOLUTIONS 


1.  (B)  BW  =  a>2  -  =27i(90  -  86)k  =  871  krad/s 

BW=  —  ^  C  =  — —  =  - 2. - - 

RC  f?BW  871  x  10  x  2  x  10 

=  19.89  nF 


O  ,n,  ((%  +  co2)  2ji(90  +  86)k  ,  j. 

2.  (C)  or  =  — - - —  = - =17671:  krad/s 

2  2 


1  t  1  n 

<o„  =  =>  L  =  — -  C 


0  Vic 


ro: 


(176ti  x  10  )  (20  x  10  ) 


=  0.16  mH 


3.  (A)  Q  =  —  =  176Tlk  =22 
B  8  71k 


4.  (A)  At  mid-band  frequency  Z  =  R  ,  Y  =  — 

R 


R  =  - 


25  x  10~ 


=  40  Q 


5.  (C)  Q  =  ($aRC 
=>  C=  Q  -  80 


aR  200  x  103  x  40 


=  10  pF 


r  in-f 

6.  (B)  Q0  =  R  -  =>  200  =  103  — 
v  L  \  L 

=^>  L  =  25  jliH 


7.  (C)  q0=rM  =io3 


50  x  10~ 


L  V 10  x 10 


=  70.7 


8.  (B)  m  = 


0  Vlc 


C  = 


10  X  10  3  X  (106)' 


=  100  pF 


R 


BW  =  —  =>  i?=10x  10‘3x  103=10 

L 


9.  (A)  BW  =  — 
L 


R 

lx  10 


=  15.9  x  271  =0.1Q 


10.  (B )Q=R. 
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=  8  x  10: 


40  x  10" 


=  20 


11.  (A)  Thevenin  equivalent  seen  by  L-C  combination 
v1  -0.105^ 


3  =  v1  +  10 


125 


o,  =  100 


7k=M=0.8  V 
sc  125 


Open  Circuit  :  v1  =  0,  voc  =  3  V 


R'TTi  — 


=  3.75  Q,  co0  = 


=  1000 


0.8  ’  0  VLC 

9„-S£.  125iii.i066.67 

°  R  3.75 

I  Vq lmax  =Q0vth  =1066.67  x  3  =  3200  V 


12.  (B)  Applying  1  A  at  input  port  V1  =  10  V 
voltage  across  1  A  source 


V„,,=10+./o»10  :!- 


co50  x  10 


:(5  +  l) 


^  in  ^test 

At  resonance  Im  |Z-  }  =  0 


co  10 -J=- 


co  50  x  10 


=  346  kHz 


fa  =  55  kHz 

13.  (C)  Y  =  >600  x  10  12 


2  x  103  1.8  +  >10“ 


=  >6x  10  10  +  45.45  + 


1.8- >10 
3.24  +  co210- 


At  resonance  Im  IF)  =0 

co06  x  1010(324  +  co210-10)  -  coo10-5  =0 

3.24  +  ®210-10  =  16.67  x  103roo  =  12.9  Mrad/s 


f=^-  =  2.05  MHz 
0  2  71 


14.  (C)  Vr=- 


j'Cco 


V, 


V=AV, 


V. 


2x  103 

(15k) 
16k + 30k 

2A 
3 


1  1  +  j'2  x  103Cco 

jCd) 

2AV.  2AV, 


3(1  +  j2  x  103  Cc o) 


V;.  1  + j2tix  103Cco 

A  =6,  2  x  103C  =0.01 

C  =  5  pF 


2A  A 

- =  4  => 

3 


15.  (A)  I  = 


y 


v=- 


3  L 


20  +  j  4co  0.25  > 

3  0.6 


y, 


V1  j  co(5  +  >)  yco(l  +  j02(o) 


16.  (A)  Z,  = 


10 

MO  51)  _ 

1  10  1  +  73co 


10 


jot)  ,5 


Zi 


Yo 

Vt  40  +  Z1 
10 

50  +  j'200co 


10 

1  +  j5co 


10 


40 


17.  (D)  Hi oo)  =  —  = 


1  +  j'5co 
=  (5  +  j'20®)-1 

y. 


Vl  1  +  ju>RC 


gam  = 


Vd  +  u2RC) 

For  any  value  of  cq,  R,  C  gain  <1. 
Thus  (D)  is  correct  option. 

18.  (D)  HM  =  = 


y.  i  +  j(»CR 

phase  shift  =  -  tan"1  co CR  =  -  450° 
aCR  =  1, 

20  x  lx  IQ-6  R  =1  =>  R  =50  kQ. 


19.  (A)  Hico)  =  —  = 


R 


gam  = 


v.  V1  +  JaL 

R  30 


V R 2  +  <o2L2  Jm2 


4  ay  +  0.6 


V502  -302  on  A/ 
co  =  — - - - =  20  rad/s 


y  1  1 

20.  (A)  iT(co)=A+= - - =  — ^- 

y,  1  +  jttCR  1  +  j 

Phase  shift  =  -  tan1  wCR  =  -  45° 

gain  =  — - —  =  =  0.707 

O' +  11  V2 


21.  (B)  BW=  oj2  -  co,  =2ti(456  -  434)  =  44 n 
coD  =2 nfa  =Q BW  =20  x  44?t 
fa  =  440  Hz 


22.  (C)  fa  = 


2  7i  VLC 
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= - .  =541  kHz 

271^360  x  1(T12  x  240  x  10  6 

f  = - ,  1  =  1.45  MHz 

271^50  x  10"12  x  240  x  10" 


R=- 


271  x  15  x  10  x  10 


=  1.06  kQ 


30.  (B)  20  log  H  =20 log  =  -40 log co 


co 


2n 


23.  (B)  fo  — 


?L_ 

L2 


R 

L 

1 

LC 


400 


240  x  10“ 


240  x  10 
1 


1_ 

LC 
107 
6 

1  _  1016 
x  120  x  10"12  ~288 


R  <  i  .. 

L  <LC’  =  2tiVlC 


=  938  kHz 


31.  (D) 


Yo 

v. 


j co30  x  10 


jco30  x  10 


1  + 


1  + 


./co 

16.67 

7  co 
3.56 


-20  dB/decade  line  starting  from  co  =  5.56  rad/s 
20  dB/decade  line  starting  from  co  =  16.67  rad/s 
Hence  -20  dB/decade  line  for  5.56  <co<  16.67 
parallel  to  co  axis  to  co  >  16.67 


24.  (B)  co0  = - ,  R  and  C  should  be  as  small  as  possible. 

RC 

R  =(3.3)  (L8)  =  1.165  kQ 
3.3.+1.8 

C  =(10)  ,_(30)_  =7.5  pF 


(10  +  30) 

1 


1.165  x  7.5  x  10 


—  =  114.5  xlO6  rad/s 


25.  (D)  R'  =  K m  R  =  800  x  12  x  103  =  9.6  MQ 


L'  = 


K„ 


800 


KrL  1000 


40  x  10"  =  32  pF 


C  10~9 

C'=  —  Kf  =  30  X  —  X  1000  =  0.375  pF 
K,„  80 


26.  (A)  RC’  = 


L' 

C7 


K f  =  2  x  10"4 


Km  =0.05 


K 


2 

m 


4  x  20  x  10‘3  x  10" 
1x6 


(1) (20  x  10") 

(2)  (4  x  10") 


27.  (D)  o)c  =2nfc  = 
=>  R  = 


1 

1 


271  x  20  x  103  x  0.5  x  10 


=  15.9  Q 


28.  (A)  Rth  across  the  capacitor  is 
Rth  =(lk  +  4k)  115k  =2.5  kQ 


fc  = 


2nx  2.5  x  103  x  40  x  10 


=  1.06  kHz 


29.  (B)  coc  =2 nfc  = 


1 

~RC 
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In  the  problems  assume  the  parameter  given  in 
following  table.  Use  the  temperature  T  =  300  K  unless 
otherwise  stated. 


Property 

Si 

GaAs 

Ge 

Bandgap  Energy 

1.12 

1.42 

0.66 

Dielectric  Constant 

11.7 

13.1 

16.0 

Effective  density  of 
states  in  conduction 
band  lVc(cm“3) 

2.8  x  1019 

4.7  x  1017 

1.04  x  1019 

Effective  density  of 
states  in  valence 
band  A„(cm*3) 

1.04  x  1019 

7.0  x  1018 

6.0  x  1018 

Intrinsic  carrier 
concertration 

ni  (cm*3) 

1.5  x  1010 

1.8  x  106 

2.4  x  1013 

Mobility 

Electron 

Hole 

1350 

480 

8500 

400 

3900 

1900 

3  In  germanium  semiconductor  material  at  T  =  400  K 
the  intrinsic  concentration  is 
(A)  26.8  x  1014  cm*3  (B)  18.4  x  1014  cm*3 

(C)  8.5  x  1014  cm*3  (D)  3.6  x  1014  cm*3 

!  The  intrinsic  carrier  concentration  in  silicon  is  to  be 
no  greater  than  ni  =  1  x  1012  cm*3.  The  maximum 
temperature  allowed  for  the  silicon  is  (  E  =  1.12  eV) 
(A)  300  K  (B)  360  K 

(C)  382  K  (D)  364  K 


3  Two  semiconductor  material  have  exactly  the  same 
properties  except  that  material  A  has  a  bandgap  of  1.0 
eV  and  material  B  has  a  bandgap  energy  of  1.2  eV.  The 
ratio  of  intrinsic  concentration  of  material  A  to  that  of 
material  B  is 

(A)  2016  (B)  47.5 

(C)  58.23  (D)  1048 

Aj  In  silicon  at  T  -  300  K  the  thermal-equilibrium 
concentration  of  electron  is  nQ=  5x  104  cm*3.  The  hole 
concentration  is 

(A)  4.5  x  1015  cm*3  (B)  4.5  x  1015  m*3 

(C)  0.3  x  10*6  cm*3  (D)  0.3  x  10*6  m*3 

3  In  silicon  at  T  =  300  K  if  the  Fermi  energy  is  0.22  eV 
above  the  valence  band  energy,  the  value  of  p0  is 
(A)  2  x  1015  cm*3  (B)  1015  cm*3 

(C)  3  x  1015  cm*3  (D)  4  x  1015  cm*3 

|  The  thermal-equilibrium  concentration  of  hole  pQ  in 
silicon  at  T  =  300  K  is  1015  cm*3.  The  value  of  n„  is 
(A)  3.8  x  10s  cm*3  (B)  4.4  x  104  cm*3 

(C)  2.6  x  104  cm  3  (D)  4.3  x  108  cm*3 

|  In  germanium  semiconductor  at  T  =  300  K,  the 
acceptor  concentrations  is  Na  =  1013  cm*3  and  donor 
concentration  is  Nd  =  0.  The  thermal  equilibrium 
concentration  p0  is 

(A)  2.97  x  109  cm*3  (B)  2.68  x  1012  cm*3 

(C)  2.95  x  1013  cm*3  (D)  2.4  cm*3 
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Statement  for  Q.8-9: 

In  germanium  semiconductor  at  T  =  300  K,  the 
impurity  concentration  are 

Nd=5x  1015  cm  3  and  Na  =  0 

3  The  thermal  equilibrium  electron  concentration  n0  is 

(A)  5  x  1015  cm  3  (B)  1.15  x  1011  cm'3 

(C)  1.15  x  109  cm  3  (D)  5  x  106  cm'3 

3  The  thermal  equilibrium  hole  concentration  p0  is 
(A)  3.96  x  1013  (B)  1.95  x  1013  cm'3 

(C)  4.36  x  1012  cm'3  (D)  3.96  x  1013  cm'3 

fBI  A  sample  of  silicon  at  T  =  300  K  is  doped  with  boron 
at  a  concentration  of  2.5  x  1013  cm'3  and  with  arsenic  at 
a  concentration  of  lx  1013  cm'3.  The  material  is 

(A)  p  -type  with  p0  =  1.5  x  1013  cm'3 

(B)  p  -type  with  p0  =  1.5  x  107  cm'3 

(C)  n  -type  with  n0  =  1.5  x  1013  cm'3 

(D)  n  -  type  with  n0  =  1.5  x  10 7  cm'3 

m  In  a  sample  of  gallium  arsenide  at  T  =  200  K, 
n0  =  5  p0  and  Na  =  0.  The  value  of  n0  is 
(A)  9.86  x  109  cm'3  (B)  7  cm'3 

(C)  4.86  x  103  cm'3  (D)  3  cm'3 

m  Germanium  at  T  =  300  K  is  uniformly  doped  with 
an  acceptor  concentration  of  Na  =  1015  cm'3  and  a  donor 
concentration  of  Nd  =0.  The  position  of  fermi  energy 
with  respect  to  intrinsic  Fermi  level  is 
(A)  0.02  eV  (B)  0.04  eV 

(C)  0.06  eV  (D)0.08  eV 

ffil  In  germanium  at  T  =  300  K,  the  donor  concentration 
are  Nd  =1014  cm'3  and  Na  =0.  The  Fermi  energy  level 
with  respect  to  intrinsic  Fermi  level  is 
(A)  0.04  eV  (B)  0.08  eV 

(C)  0.42  eV  (D)  0.86  eV 

m  A  GaAs  device  is  doped  with  a  donor  concentration 
of  3x  1015  cm'3.  For  the  device  to  operate  properly,  the 
intrinsic  carrier  concentration  must  remain  less  than 
5%  of  the  total  concentration.  The  maximum 
temperature  on  that  the  device  may  operate  is 
(A)  763  K  (B)  942  K 

(C)  486  K  (D)  243  K 
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flil  For  a  particular  semiconductor  at  T  =  300  K E  =  1.5 
eV,  m*  =  10m*  and  ni  =  lx  1015  cm'3.  The  position  of 
Fermi  level  with  respect  to  the  center  of  the  bandgap  is 
(A)  +0.045  eV  (B)  -0.046  eV 

(C)  +0.039  eV  (D)  -0.039  eV 

m  A  silicon  sample  contains  acceptor  atoms  at  a 
concentration  of  Na  =  5  x  10 16  cm'3.  Donor  atoms  are 
added  forming  and  n  -  type  compensated  semiconductor 
such  that  the  Fermi  level  is  0.215  eV  below  the 
conduction  band  edge.  The  concentration  of  donors 
atoms  added  are 

(A)  12  x  1016  cm'3  (B)  4.6  x  1016  cm'3 

(C)  3.9  x  1012  cm'3  (D)  2.4  x  1012  cm'3 

m  A  silicon  semiconductor  sample  at  T  =  300  K  is 

doped  with  phosphorus  atoms  at  a  concentrations  of  1015 

cm'3.  The  position  of  the  Fermi  level  with  respect  to  the 

intrinsic  Fermi  level  is 

(A)  0.3  eV  (B)  0.2  eV 

(C)  0.1  eV  (D)  0.4  eV 

^  A  silicon  crystal  having  a  cross-sectional  area  of 
0.001  cm2  and  a  length  of  20  pm  is  connected  to  its  ends 
to  a  20  V  battery.  At  T  =  300  K,  we  want  a  current  of 
100  mA  in  crystal.  The  concentration  of  donor  atoms  to 
be  added  is 

(A)  2.4  x  1013  cm'3  (B)  4.6  x  1013  cm'3 

(C)  7.8  x  1014  cm'3  (D)  8.4  x  1014  cm'3 

The  cross  sectional  area  of  silicon  bar  is  100  pm2. 
The  length  of  bar  is  1  mm.  The  bar  is  doped  with 
arsenic  atoms.  The  resistance  of  bar  is 
(A)  2.58  mQ  (B)  11.36  k Q 

(C)  1.36  mO  (D)  24.8  kQ 

A  thin  film  resistor  is  to  be  made  from  a  GaAs  film 
doped  n  -type.  The  resistor  is  to  have  a  value  of  2  kQ. 
The  resistor  length  is  to  be  200  pm  and  area  is  to  be 
10  6  cm2.  The  doping  efficiency  is  known  to  be  90%.  The 
mobility  of  electrons  is  8000  cm2/V-s.  The  doping 
needed  is 

(A)  8.7  x  1015  cm'3  (B)  8.7  x  1021  cm'3 

(C)  4.6  x  1015  cm'3  (D)  4.6  x  1021  cm'3 
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A  silicon  sample  doped  n  -  type  at  1018  cm  1  have  a 
resistance  of  10  Q  .  The  sample  has  an  area  of  10  6  cm2 
and  a  length  of  10  pm  .  The  doping  efficiency  of  the 
sample  is  (p„  =800  cm2/V-s) 

(A)  43.2%  (B)  78.1% 

(C)  96.3%  (D)  54.3% 


For  a  sample  of  GaAs  scattering  time  is  tsc  =  10"13  s 
and  electron’s  effective  mass  is  m  ’  =  0.067 m0  .  If  an 
electric  field  of  1  kV/cm  is  applied,  the  drift  velocity 
produced  is 

(A)  2.6  x  106  cm/s  (B)  263  cm/s 

(C)  14.8  x  106  cm/s  (D)  482 


EEI  Six  volts  is  applied  across  a  2  cm  long 
semiconductor  bar.  The  average  drift  velocity  is  104 
cm/s.  The  electron  mobility  is 
(A)  4396  cm2/V  -  s  (B)  3  x  104  cm2/V  -  s 

(C)  6  x  104  cm2/V  -s  (D)  3333  cm2/V  -s 

HU  For  a  particular  semiconductor  material  following 
parameters  are  observed: 

pn  =1000  cm2/V-s  , 
pp  =  600  cm2/V  -s  , 

Nc  =  Nv  =  1019  cm"3 

These  parameters  are  independent  of  temperature. 
The  measured  conductivity  of  the  intrinsic  material  is 
a  =  10"6(Q  -cm)"1  at  T  =  300  K.  The  conductivity  at 
T  =500  K  is 

(A)  2  x  10  4  (Q  -  cm)"1  (B)  4  x  10"5  (Q  -  cm)"1 

(C)  2  x  10"5  (Q  -  cm)"1  (D)  6  x  10"3  (Q  -  cm)"1 


A  gallium  arsenide  semiconductor  at  T  =  300  K  is 
doped  with  impurity  concentration  Nd  =  1016  cm"3.  The 
mobility  p„  is  7500  cm2/V  -s.  For  an  applied  field  of  10 
V/cm  the  drift  current  density  is 
(A)  120  A/cm2  (B)  120  A/cm2 

(C)  12  x  104  A/cm2  (D)  12  x  104A/cm2 


^3  In  a  particular  semiconductor  the  donor  impurity 
concentration  is  Nd  =  1014  cm"3.  Assume  the  following 
parameters, 


Nc 


=  1000  cm2/V  -s, 

=  2x  1019 

=  lxl019r^f  cm"3, 

UooJ 


Eg  =  1.1  eV. 


^3  An  n  -  type  silicon  sample  has  a  resistivity  of  5 
Q-cm  at  T  =  300  K.  The  mobility  is  p„  =1350 
cm2/V-s.  The  donor  impurity  concentration  is 
(A)  2.86  x  10"14  cm"3  (B)  925  x  1014  cm"3 

(C)  11.46  x  1015  cm"3  (D)  1.1  x  10"15  cm"3 

In  a  silicon  sample  the  electron  concentration 
drops  linearly  from  1018  cm"3  to  1016  cm"3  over  a  length 
of  2.0  pm.  The  current  density  due  to  the  electron 
diffusion  current  is  (  Dn  =  35  cm2/s). 

(A)  9.3  x  104  A/cm2  (B)  2.8  x  104  A/cm2 

(C)  9.3  x  109A/cm2  (D)  2.8  x  109  A/cm2 

^3  In  a  GaAs  sample  the  electrons  are  moving  under 
an  electric  field  of  5  kV/cm  and  the  carrier 
concentration  is  uniform  at  1016  cm"3.  The  electron 
velocity  is  the  saturated  velocity  of  107  cm/s.  The  drift 
current  density  is 


An  electric  field  of  E  =  10  V/cm  is  applied.  The 
electric  current  density  at  300  K  is 
(A)  2.3  A/cm2  (B)  1.6  A/cm2 

(C)  9.6  A/cm2  (D)  3.4  A/cm2 

Statement  for  Q.30-31: 

A  semiconductor  has  following  parameter 
p„  =7500  cm2/V-s, 
pp  =  300  cm2/V  -s, 
nt  =  3.6  x  1012  cm"3 

■itfl  When  conductivity  is  minimum,  the  hole 
concentration  is 

(A)  72  x  1011  cm"3  (B)  1.8  x  1013  cm"3 

(C)  1.44  x  1011  cm"3  (D)  9  x  1013  cm"3 

The  minimum  conductivity  is 
(A)  0.6  x  10"3  (Q  -cm)"1  (B)  1.7  x  10"3(Q  -cm)  1 

(C)  2.4  x  10"3  (Q  -  cm)"1  (D)  6.8  x  10"3  (Q  -  cm)"1 
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(A)  1.6  x  104  A/cm2 
(C)  1.6  x  108A/cm2 


(B)  2.4  x  104  A/cm 
(D)  2.4  x  108  A/cm: 
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A  particular  intrinsic  semiconductor  has  a 
resistivity  of  50  (Q  -  cm)  at  T  =  300  K  and  5  (Q  -  cm)  at 
T  =  330  K.  If  change  in  mobility  with  temperature  is 
neglected,  the  bandgap  energy  of  the  semiconductor  is 

(A)  1.9  eV  (B)  1.3  eV 

(C)  2.6  eV  (D)  0.64  eV 

Three  scattering  mechanism  exist  in  a 
semiconductor.  If  only  the  first  mechanism  were 
present,  the  mobility  would  be  500  cm2/V  -s.  If  only  the 
second  mechanism  were  present,  the  mobility  would  be 
750  cm2/V-s.  If  only  third  mechanism  were  present, 
the  mobility  would  be  1500  cm2/V  -s.  The  net  mobility 
is 

(A)  2750  cm 2/V  -  s  (B)  1114  cm2/V  -  s 

(C)  818  cm 2/V  -  s  (D)  250  cm2/V  -  s 

In  a  sample  of  silicon  at  T  =  300  K,  the  electron 
concentration  varies  linearly  with  distance,  as  shown  in 
fig.  P2.1.34.  The  diffusion  current  density  is  found  to  be 
Jn  =0.19  A/cm2.  If  the  electron  diffusion  coefficient  is 
Dn  =25cm2/s,  The  electron  concentration  at  is 


Fig.  P2.1.34 


(A)  4.86  x  108  cm"3  (B)  2.5  x  1013  cm"3 

(C)  9.8  x  1026  cm"3  (D)  5.4  x  1015  cm"3 

The  hole  concentration  in  p  -  type  GaAs  is  given  by 

1  -  —  ]  cm"3  for  0  <  x  <  L 

L) 

where  L  =  10  pm.  The  hole  diffusion  coefficient  is 
10  cm2/s.  The  hole  diffusion  current  density  at  x  =  5  pm 
is 

(A)  20  A/cm2  (B)  16  A/cm2 

(C)  24  A/cm2  (D)  30  A/cm2 

^3  For  a  particular  semiconductor  sample  consider 
following  parameters: 


Hole  concentration  p0  =  1015e  Lp  ’  cm  3,x  >  0 

Electron  concentration  n0  =5  x  10  '  cm  \x  <0 

Hole  diffusion  coefficient  D  =  10  cm2/s 
Electron  diffusion  coefficients  Dn  =25  cm2/s 
Hole  diffusion  length  Lp  =5  x  10  4  cm, 

Electron  diffusion  length  Ln  =  10  3  cm 

The  total  current  density  at  x  =  0  is 
(A)  1.2  A/cm2  (B)  5.2  A/cm2 

(C)  3.8  A/cm2  (D)  2  A/cm2 

ETM  A  germanium  Hall  device  is  doped  with  5  x  1015 
donor  atoms  per  cm3  at  T  =  300  K.  The  device  has  the 
geometry  d  =5  x  10  3  cm,  W  =  2  x  102  cm  and  L  =0.1  cm. 
The  current  is  Ix  =  250  p A,  the  applied  voltage  is 
Vx  =100  mV,  and  the  magnetic  flux  is  Bz  =5  x  10  2 
tesla.  The  Hall  voltage  is 
(A)  -0.31mV  (B)  0.31  mV 

(C)  3.26  mV  (D)  -3.26  mV 

Statement  for  Q.38-39: 

A  silicon  Hall  device  at  T  =  300  K  has  the 
geometry  d  =10“3  cm  ,  W  =  102  cm,  L=10  1  cm.  The 
following  parameters  are  measured:  Ix  =0.75  mA, 
Vx  =  15  V,  VH  =  +5.8  mV,  tesla 

The  majority  carrier  concentration  is 

(A)  8  x  1015  cm"3,  n  -  type 

(B)  8  x  1015  cm"3,  p  -  type 

(C)  4  x  1015  cm"3,  n  -  type 

(D)  4  x  1015  cm"3,  p  -  type 

The  majority  carrier  mobility  is 

(A)  430  cm2/V-s  (B)  215  cm2  /V-s 

(C)  390  cm2/V-s  (D)  195  cm2  /V-s 

Hll  In  a  semiconductor  n0  =  1015  cm"3  and  nt  =  1010  cm"3. 
The  excess-carrier  life  time  is  10  6  s.  The  excess  hole 
concentration  is  bp  =  4  x  1013  cm"3.  The  electron-hole 
recombination  rate  is 

(A)  4  x  1019  cm-V1  (B)  4  x  1014  cm^s"1 

(C)  4  x  1024  cm'V1  (D)  4  x  10n  cm^s"1 
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31  A  semiconductor  in  thermal  equilibrium,  has  a  hole 
concentration  of  p0  =  1016  cnT3  and  an  intrinsic 
concentration  of  ni  =  1010  cm'3.  The  minority  carrier  life 
time  is  4  x  10  7s.  The  thermal  equilibrium 
recombination  rate  of  electrons  is 
(A)  2.5  x  1022  cm'3  s'1  (B)  5  x  1010  cm'3  s'1 

(C)  2.5  x  1010  cm'3  s'1  (D)  5  x  1022  cm'3  s'1 

Statement  for  Q.42-43: 

A  n-type  silicon  sample  contains  a  donor 
concentration  of  Nd  =  106  cm'3.  The  minority  carrier 
hole  lifetime  is  xp0  =  10  ps. 


SOLUTIONS 


iil 

1.  (C)  nf  =  NCNV  e[kT> 
V.=Oj0259(—|  =0.0345 

UooJ 


For  Ge  at  300  K, 

Nc  =  1.04  x  1019,  Nv  =  6.0  x  1018,  Eg  =0.66  eV 


re2  =  1.04  x  1019  x  6.0  x  1018  x 


^  300  ) 


=>  re;  =  8.5  x  1014  cm  3 


!  The  thermal  equilibrium  generation  rate  of  hole  is 
(A)  5  x  108  cm'3  s'1  (B)  104  cm'3  s'1 

(C)  2.25  x  109  cm'3 s'1  (D)  103  ernes'1 

HI  The  thermal  equilibrium  generation  rate  for 
electron  is 

(A)  1.125  x  109  cm'3  s'1  (B)  225  x  109  cm'3  s'1 

(C)  8.9  x  10'10  cm'3 s'1  (D)  4  x  109  ernes'1 

m  A  n  -type  silicon  sample  contains  a  donor 
concentration  of  Nd  =  1016  cm'3.  The  minority  carrier 
hole  lifetime  is  zp0  =20  ps.  The  lifetime  of  the  majority 
carrier  is  (re,  =  1.5  x  1010  cm'3) 

(A)  8.9  x  106  s  (B)  8.9  x  10'6  s 

(C)  4.5  x  10'17  s  (D)  1.13  x  10'7  s 


2.  (C)  re.2  =  N,N„  e 


(1012)2  =2.8  x  1019  x  1.04  x  1019 


-13x10s 

T3  e  T  =  928  x  10'8  ,  By  trial  T  =  382  K 


_  agA 

n2  p  kT 
3.  (B)  ^  =  — e — 
re2,  E - 


=  e 


=  2257.5 


=  47.5 


LiB 


kT 


nf  _  (1.5  x  IQ10)2 
ren  5  x 104 


4.  (A)  p0  =  —  = ^  4  =  4.5  x  1015  cm'3 


(Ef  -  Eu) 


5.  (A)  p0=Nve  hT  =  1.04  x  1019  e  0  0259  =  2  x  1015  cm' 


Hfl  In  a  silicon  semiconductor  material  the  doping 
concentration  are  Nn  =  10lfi  cm'3  and  Nn  =  0.  The 
equilibrium  recombination  rate  is  Rp0  =  10"  cm“3s_1.  A 
uniform  generation  rate  produces  an  excess-  carrier 
concentration  of  8re  =  5p  =  1014  cm'3.  The  factor,  by  which 
the  total  recombination  rate  increase  is 
(A)  2.3  x  1013  (B)  4.4  x  1013 

(C)  2.3  x  109  (D)  4.4  x  109 


JEpj-EJ  (  N  } 

6.  (B )Po=Nve  kT  =>  EF-Ev=kT lnl^-l 

At  300  K,  N„  =  1.0  x  1019  cm'3 

f  1  04  x  1 019') 

Ef  -  Eu  =0.0259  In  1q15  1  =  0-239  eV 

(Ec  -  Ef  ) 

n0=Nce  kT 

At  300  K,  Nc  =2.8  x  1019  cm'3 
Ec  -Ef=  1.12  -0.239  =0.881  eV 
re0  =  4.4  x  104  cm'3 


7.  (C)  Po  = 


For  Ge  re;  =2.4  x  103 


+  (2.4x  1013)2  =2.95  x  10 


13 


cm 


-3 
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0.1 


(1.6  x  10  )(1100)(5  x  10lb)(100  x  108) 


=  11.36  kQ 


20.  (A)  R  = 


=>  n„=- 


aA 
L 

e\xnAR 


G~e\inna  ,  R  = 


ep„7z0A 


n0  =09  Nd 


20  x  10” 


(0.9X1.6  x  10  )(8000)(10  )(2  x  103) 


=  8.7  x  1015  cm- 


21.  (B)  o*e\inn0,  R 


,  n0 


gA  u  e\xnAR 


10  x  104 

'  (1.6  x  10-19X800X10~6X10) 


=  7.81x  10  cnT 


Efficiency  =  -H°_  x  100  =  7,8  X  *°  x  100  =  78.1  % 
Nd  1018 


26.  (A)  J  =evn  =(1.6  x  10_19X107)(1016)  =  1.6  x  104  A/cm2 
exE  (1.6  x  10-19X10“13X105) 


27.  (A)  vd=- 


m!  (0.067X9.1  x  10  31) 


=  262  x  103  m/s  =2.6  x  106  cm/s 


n0  =Nd 


28.  (A)  Nd  »  n, 

J  =e\inn0E  =(1.6  x  10-19)(7500)(1016)(10)  =  120  A/cm2 


29.  (D)  nf  =  NCNU  e 
=  (2  x  1019)(1  x  1019)  e 


19\  „  tO. 0259/ 


=  7.18  x  101 


=>  nt  =  8.47  x  109  cm 
Nd  » nt  =>  Nd=  n0 
J  =  gE  =e[xnii0E 

=  (1.6  x  10“19)(1000)(1014)(100)  =  1.6  A/cm2 


22.  (D)  E=^=|  =  3V/cm,  vd=[lnE, 

p„  =  Ht=lA  ^3333  Cm2/V  -s 
"  E  3 


23.  (D)  Cl  =eni([in  +  pp) 

10'6  =(1.6  x  10‘19)(1000  +  600)^ 

At  T  =  300  K,  nt  =  3.91  x  109  cm"3 


=  NN„ 


E„  =kT  In 


V  Ui 


101 


=>  E  =  2(0.0259)  In  (  — — - -  I  =1.122  eV 

*  Iv3.91x109J 

At  T  =  500  K  ,  &T=0.0259|— 1=0.0432  eV, 

1  300 


nf  =(1019)2  e  10  0432 J  cm‘3, 

=>  nt  =229  x  1013  cm  3 
=  (1.6  x  10"19)(229  x  1013)(1000  +  600) 
=  5.86  x  10"3(Q  -  cm)-1 


24.  (B)p=-  =  -  1 


°  e\xnNd 


Nd  = 


pepre  5(1.6  x  10  )(1350) 


=  925  x  1014  cm 


25.  (B)  Jn  =eDn  ^ 
ax 

=  (1.6  x  10_19)(35)|  10  ~  10.  I  =2.8  x  104  A/cm2 
1  2  x  IQ"4  1 


30.  (A)  o  =  e\ann0  +  ep  p0  and  nQ  =  — - 


Po 


=>  a~e9n  —  +  eppP0  , 
Po 

da  (-l)ep  n2 

-j —  =0  = - ^  + 

dp0  Po 


Po  =  nt 


(  V 

iC 

vH; 


=  3.6  x  10 


12i  7500  > 


300  ) 


=  7.2  x  1011  cnT 


31.  (B)  g 


2  I - 

=  — -T7 =2en^0P0n 


=  2  x  1.6  x  10"19( 3.6  x  1012)V(7500)(300) 
=  1.7  x  10  3(Q  -  cm)"1 


32.  (B)  g  =  —  =  e\mt  , 
P 


Pi  = 

1_  ni2 

P2 


Ee 
2  *I\ 

2  hT„ 


_Es(±  _  A 

\  =  (J  T2. 


0.1  = 

Ejl 

2k 


330  -300 
330  x  300 


=  ln  10 


Eg  =22(^300)  In  10  =1.31  eV 


33.  (D)  -=—  +  —  + — 

p  pt  p2  p3 
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THE  PN  JUNCTION 


In  this  chapter,  Nd  and  Na  denotes  the  net  donor 


The  Fermi  level  on  p  -  side  is 


and  acceptor  concentration  in  the  individual  n  and 
p-region. 


(A)  0.2  eV 
(C)  0.4  eV 


(B)  0.1  eV 
(D)  0.3  eV 


3  An  abrupt  silicon  in  thermal  equilibrium  at  T  =  300 
K  is  doped  such  that  Ec  -  EF  =0.21  eV  in  the  n  -region 
and  Ef  -  Ev  =0.18  eV  in  the  p  -  region.  The  built-in 
potential  barrier  Vbi  is 

(A)  0.69  V  (B)  0.83  V 

(C)  0.61  V  (D)  0.88  V 

3  A  silicon  pn  junction  at  T  =  300  K  has  Nd  =  1014 
cm  "3and  Na  =  1017  cnT3.  The  built-in  voltage  is 

(A)  0.63  V  (B)  0.93  V 

(C)  0.026  V  (D)  0.038  V 

3  In  a  uniformly  doped  GaAs  junction  at  T  =  300  K,  at 
zero  bias,  only  20%  of  the  total  space  charge  region  is  to 
be  in  the  p-region.  The  built  in  potential  barrier  is 
Vbl  =  1.20  V.  The  majority  carrier  concentration  in 
n-region  is 

(A)  1  x  1016  cnT3  (B)  4  x  10 16  cm'3 

(C)  1  x  1022  cm"3  (D)  4  x  10  22  cm"3 


Statement  for  Q.6-8: 

A  silicon  pn  junction  at  T  =  300  K  with  zero 
applied  bias  has  doping  concentrations  of  Nd  =  5  x  1016 
cm'3  and  Na  =  5  x  1015  cm'3. 

!  The  width  of  depletion  region  extending  into  the 
n-region  is 

(A)  4  x  10"6  cm  (B)  3  x  10  6  cm 

(C)  4  x  10"B  cm  (D)3  x  10  "5  cm 

|  The  space  charge  width  is 
(A)  32  x  10"5  cm  (B)  4.5  x  10  5  cm 

(C)  4.5  x  10"4  cm  (D)  32  x  10  4  cm 

3  In  depletion  region  maximum  electric  field  £max  is 
(A)  1  x  104  V/cm  (B)  2  x  10 4  V/cm 

(C)  3  x  104  V/cm  (D)  4  x  10 4  V/cm 

^  An  n  -  n  isotype  doping  profile  is  shown  in  fig.  P2.2.9. 
The  built-in  potential  barrier  is  in,  =  1.5  x  1010  cm'3 ) 


Statement  for  Q.4-5: 

An  abrupt  silicon  pn  junction  at  zero  bias  and 
T  =  300  K  has  dopant  concentration  of  Na  =  1017  cm'3 
and  Nd  =  5  x  1015  cm'3. 


The  Fermi  level  on  n  -  side  is 
(A)  0.1  eV  (B)  0.2  eV 

(C)  0.3  eV  (D)  0.4  eV 


(A)  0.66  V 
(C)  0.03  V 
www.gatehelp.com 
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Fig.  P2.2.9 


(B)  0.06  V 
(D)  0.33  V 
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Statement  for  Q.10-11: 

A  silicon  abrupt  junction  has  dopant  concentration 
Na  =  2  x  1016  cm  3  and  Nd  =  2  x  10 15  cnT3.  The  applied 
reverse  bias  voltage  is  VR  =  8  V. 

23  The  maximum  electric  field  |i?max|  in  depletion  region  is 
(A)  15  x  104  V/cm  (B)  7  x  104  V/cm 

(C)  3.5  x  104  V/cm  (D)  5  x  104  V/cm 

EQ  The  space  charge  region  is 
(A)  2.5  pm  (B)  25  pm 

(C)  50  pm  (D)  100  pm 

m  A  uniformly  doped  silicon  pn  junction  has 
N a  =  5  x  1017  cm  3  and  Nd  =10 17  cnT3.  The  junction  has 
a  cross-sectional  area  of  10  4  cnT3  and  has  an  applied 
reverse-bias  voltage  of  VR  =  5  V.  The  total  junction 
capacitance  is 

(A)  10  pF  (B)  5  pF 

(C)  7  pF  (D)  3.5  pF 

Statement  for  Q.13-14: 

An  ideal  one-sided  silicon  rC  p  junction  has 
uniform  doping  on  both  sides  of  the  abrupt  junction. 
The  doping  relation  is  Nd  =50  Na.  The  built-in  potential 
barrier  is  Vbi  =0.75  V.  The  applied  reverse  bias  voltage 
is  VR  =  10. 

S3  The  space  charge  width  is 
(A)  1.8  pm  (B)  1.8  mm 

(C)  1.8  cm  (D)  1.8  m 

m  The  junction  capacitance  is 
(A)  3.8  x  10  9  F/cm2  (B)  9.8  x  10  9  F/cm2 

(C)  2.4  x  10  9  F/cm2  (D)  5.7  x  10'9  F/cm2 

33  Two  P ' n  silicon  junction  is  reverse  biased  at  Vn  =5 
V.  The  impurity  doping  concentration  in  junction  A  are 
Na  =  1018  cm-3  and  Nd  =  10  15 cm  3,  and  those  injunction 
B  are  N  a  =  1018  cm-3  and  Nd  =  1016  cm-3.  The  ratio  of  the 
space  charge  width  is 
(A)  4.36 
(C)  19 

pn  junction  is  | E 
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concentration  are  Nd  =  4  x  1016  cm  3  and  Na  =  4  x  1017 
cm-3.  The  magnitude  of  the  reverse  bias  voltage  is 
(A)  3.6  V  (B)  9.8  V 

(C)  7.2  V  (D)  12.3  V 

EEZ  An  abrupt  silicon  pn  junction  has  an  applied 
reverse  bias  voltage  of  VR  =  10  V.  it  has  dopant 
concentration  of  Na  =  1018  cm  3  and  Nd  =  1015  cm-3.  The 
pn  junction  area  is  6  x  10  1  cm2.  An  inductance  of  2.2 
mH  is  placed  in  parallel  with  the  pn  junction.  The 
resonant  frequency  is 
(A)  1.7  MHz  (B)  2.6  MHz 

(C)  3.6  MHz  (D)  4.3  MHz 

S3  A  uniformly  doped  silicon  p  n  junction  is  to  be 
designed  such  that  at  a  reverse  bais  voltage  of  VR  =  10 
V  the  maximum  electric  field  is  limited  to  Emax  =  106 
V/cm.  The  maximum  doping  concentration  in  the 
n-region  is 

(A)  32  x  1019  cm'3  (B)  32  x  1017  cm'3 

(C)  6.4  x  1017  cm'3  (D)  6.4  x  1019  cm'3 

A  diode  has  reverse  saturation  current  Is  =  10  10  A 
and  non  ideality  factor  q  =2.  If  diode  voltage  is  0.9  V, 
then  diode  current  is 
(A)  11  mA  (B)  35  mA 

(C)  83  mA  (D)  143  mA 

M  A  diode  has  reverse  saturation  current  /,  =  10'18  A 

and  nonideality  factor  q  =  1.05.  If  diode  has  current  of  70 

pA,  then  diode  voltage  is 

(A)  0.63  V  (B)  0.87  V 

(C)  0.54  V  (D)  0.93  V 

m  An  ideal  pn  junction  diode  is  operating  in  the 
forward  bais  region.  The  change  in  diode  voltage,  that 
will  cause  a  factor  of  9  increase  in  current,  is 
(A)  83  mV  (B)  59  mV 

(C)  43  mV  (D)  31  mV 

M  A11  Pn  junction  diode  is  operating  in  reverse  bias 
region.  The  applied  reverse  voltage,  at  which  the  ideal 
reverse  current  reaches  90%  of  its  reverse  saturation 
current,  is 

(A)  59.6  mV  (B)  2.7  mV 

(C)  4.8  mV  (D)  42.3  mV 


(B)  9.8 
(D)  3.13 

The  maximum  electric  field  in  reverse-biased  silicon 
=  3  x  10 5  V/cm.  The  doping 
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ESI  For  a  silicon  p+n  junction  diode  the  doping 
concentrations  are  Na  =  1018  cm  3  and  Nd  =  1016  cm"3. 
The  minority  carrier  hole  diffusion  coefficient  is  Dp  =12 
cm2/s  and  the  minority  carrier  hole  life  time  is  zp0  =  10"7 
s.  The  cross  sectional  area  is  A  =10"4  cm2.  The  reverse 
saturation  current  is 

(A)  4  x  10 ~12  A  (B)  4  x  10  "15  A 

(C)  4  x  10"11  A  (D)  4  x  10  "7  A 

^3  For  an  ideal  silicon  jot  junction  diode 

=  V  = 10_7  s  > 

Dn  =25  cm2/s  , 

Dp  =  10  cm2/s 

The  ratio  of  Na/Nd  ,  so  that  95%  of  the  current  in 
the  depletion  region  is  carried  by  electrons,  is 

(A)  0.34  (B)  0.034 

(C)  0.83  (D)  0.083 


cross-sectional  area  is  10  “3  cm2.  The  minority  carrier 
lifetimes  are  x„0=lps  and  zp0  =0.1  us.  The  minority 
carrier  diffusion  coefficients  are  Dn  =  35  cm2/s  and 
Dp  =10  cm2/s.  The  total  number  of  excess  electron  in 
the  p  -region,  if  applied  forward  bias  is  Va  =0.5  V,  is 
(A)  4  x  107  cm"3  (B)  6  x  1010  cm"3 

(C)  4  x  1010  cm"3  (D)  6  x  107  cm"3 

ESI  Two  ideal  pn  junction  have  exactly  the  same 
electrical  and  physical  parameters  except  for  the  band 
gap  of  the  semiconductor  materials.  The  first  has  a 
bandgap  energy  of  0.525  eV  and  a  forward-bias  current 
of  10  mA  with  Va  =0255  V.  The  second  pn  junction 
diode  is  to  be  designed  such  that  the  diode  current 
I  =10  pA  at  a  forward-bias  voltage  of  Va  =0.32  V.  The 
bandgap  energy  of  second  diode  would  be 
(A)  0.77  eV  (B)  0.67  eV 

(C)  0.57  eV  (D)  0.47  eV 


Statement  for  Q.25-26: 

A  ideal  long  silicon  pn  junction  diode  is  shown  in 
fig.  P2. 2. 25-26.  The  n  -  region  is  doped  with  1016 
organic  atoms  per  cm3  and  the  p  -  region  is  doped  with 
5  x  1016  boron  atoms  per  cm3.  The  minority  carrier 
lifetimes  are  Dn  =23  cm2/s  and  Dp=8  cm2/s.  The 
forward-bias  voltage  is  Va  =0.61  V. 


i 
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V,  o — i 

,  p 

1 

1 

1 

n 
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I 

_ 1 _ 

X  = 

0  * — ► 

Fig.  P.2.2.25-26 


ESI  A  pn  junction  biased  at  Va  =0.72  V  has  DC  bias 
current  IDQ  =2  mA.  The  minority  carrier  lifetime  is  1  ps 
is  both  the  n  and  p  regions.  The  diffusion  capacitance  is 
in 

(A)  49.3  nF  (B)  38.7  nF 

(C)  77.4  nF  (D)  98.6  nF 

STfll  A  p'  n  silicon  diode  is  forward  biased  at  a  current  of 

1  mA.  The  hole  life  time  in  the  n  -  region  is  0.1  ps. 

Neglecting  the  depletion  capacitance  the  diode 

impedance  at  1  MHz  is 

(A)  38.7  +  y'12.1  Q  (B)  23.5  +  j 7.5  Q 

(C)  38.7  -  y'12.1  mQ  (D)  23.5  -  j 7.5  Q 


^2  The  excess  hole  concentration  is 

(A)  6.8  x  1012e“246*  cm"3,  x>0 

(B)  6.8  x  1012e"246*  cm"3,  x>0 

(C)  3.8  x  1014e"3534*  cm"3,  x>0 

(D)  3.8  x  1014e+3534*  cm"3,  *  >0 

^3  The  hole  diffusion  current  density  at  x  =  3  pm  is 
(A)  0.6  A/cm2  (B)  0.6  x  10"3  A/cm2 

(C)  0.4  A/cm2  (D)  0.4  x  10"3  A/cm2 

ESI  The  doping  concentrations  of  a  silicon  pn  junction 
are  Nd  =  1016  cm"3  and  Na  =  8  x  1015  cm"3.  The 

WWW.! 


UJ  The  slope  of  the  diffusion  capacitance  verses 
forward-bias  current  of  a  p '  n  diode  is  2.5  x  10"6  F/A. 

The  hole  lifetime  is 

(A)  1.3  x  10"7  s  (B)  1.3  x  10  "4  s 

(C)  6.5  x  10"8  s  (D)  6.5  x  10  "4  s 

SSI  A  silicon  pn  junction  with  doping  profile  of  Na  =  1016 

cm"3  and  Nd  =  10 15  cm"3  has  a  cross  sectional  area  of 

10"2  cm2.  The  length  of  the  p  -  region  is  2  mm  and 

length  of  the  n  -  region  is  1  mm.  The  approximately 

series  resistance  of  the  diode  is 

(A)  62  Q  (B)  43  Q 

(C)  72  Q  (D)  81  Q 
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A  gallium  arsenide  pn  junction  is  operating  in 
reverse-bias  voltage  VR=5  V.  The  doping  profile  are 
Na  =  Nd  =  1016  cm'3.  The  minority  carrier  life-  time  are 
xp0  =  xn0  =  =  10  8  s.  The  reverse-biased  generation 

current  density  is  (i:r  =  13.1,  nt  =  1.8  x  106 ) 

(A)  1.9  x  10'8  A/cm2  (B)  1.9  x  10  9  A/cm2 

(C)  1.4  x  10'8  A/cm2  (D)  1.4  x  10'9  A/cm2 

5EI  For  silicon  the  critical  electric  field  at  breakdown  is 
approximately  Ecrit  =  4  x  105  V/cm.  For  the  breakdown 
voltage  of  25  V,  the  maximum  n  -  type  doping 
concentration  in  an  abrupt  p  ^.-junction  is 
(A)  2  x  1016  cm'3  (B)  4  x  10 16  cm'3 

(C)  2  x  1018  cm  3  (D)  4  x  10 18  cm'3 

A  uniformly  doped  silicon  pn  junction  has  dopant 
profile  of  Na  =  Nd  =5  x  1016  cm'3.  If  the  peak  electric 
field  in  the  junction  at  breakdown  is  E  =  4  x  105  V/cm, 
the  breakdown  voltage  of  this  junction  is 
(A)  35  V  (B)  30  V 

(C)  25  V  (D)  20  V 

5731  An  abrupt  silicon  p'n  junction  has  an  n  -  region 
doping  concentration  of  Nd  =  5  x  10 15  cm'3.  The 

minimum  n  -  region  width,  such  that  avalanche 
breakdown  occurs  before  the  depletion  region  reaches 
an  ohmic  contact,  is  (Vg  ~  100  V) 

(A)  5.1  pm  (B)  3.6  pm 

(C)  7.3  pm  (D)  6.4  pm 

571  A  silicon  pn  junction  diode  has  doping  profile 
Na  =  Nd  =  5  x  1019  cm'3.  The  space  charge  width  at  a 
forward  bias  voltage  of  Va  =0.4  V  is 
(A)  102  A0  (B)  44  A0 

(C)  153  A0  (D)  62  A° 


5751  A  GaAs  laser  has  a  threshold  density  of  500  A/cm2. 
The  laser  has  dimensions  of  10  pm  x  200  pm.  The  active 
region  is  dUs  =  100  A°.  The  electron-hole  recombination 
time  at  threshold  is  1.5  ns.  The  current  density  of  5 Jth 
is  injected  into  the  laser.  The  optical  power  emitted,  if 
emitted  photons  have  an  energy  of  1.43  eV,  is 
(A)  143  mW  (B)  71.5  mW 

(C)  62.3  mW  (D)  124.6  mW 


5751  A  GaAs  pn*  junction  LED  has  following 
parameters 

Dn  =25  cm2/s,  Dp  =12  cm2/s 
Nd  =5  x  1017  cm'3,  Na  =  1016  cm'3 


Uo  =10  ns  ,  Tp0  =10  ns 

The  injection  efficiency  of  the  LED  is 
(A)  0.83  (B)  0.99 

(C)  0.64  (D)  0.46 
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=  3.01  x  10  5  cm, 

aA  =  11.7  x  8.85  x  1Q~14  x  1Q~4  =  ^  x  1()_u  p 


W 


3.01  x  10" 


13.  (A)  Vhi  =  V.  In 


fNaNd^ 


0.751  =0.0259  In 


50 

225  x  102 


Na  =  4.2  x  1015  cm'3,  Nd  =2.1  x  1017  cm'3 
W  =< 


f  2es(Vw  +  VR) 

1  +  1  11 

1  « 

[Na  JV.Jj 

Nd»Na 


W 


2  e(Vhi  +  VR)  (  1 


2  x  (11.7  x  8.85  x  10'4)(10.752) 


1.6  x  10'19  x  42  x  1015 
1.8  pm 


14.  (D)  C'  = 


For  Nd  »  Na  ,  C'  = 


=  1.8  x  10  4  cm 


ee  N„ 


2(V«  +  VR) 


1.6  x  10'19  x  11.7  x  8.85  x  10  ^  x  42  x  1015> 


2  (10  +  0.754) 
=  5.7  x  10'9  F/cm2 


15.  (D)  W  = 


f  2e,(vm  +  yB) 

r 1  + 1  ii 

l  « 

[Na  JV.Jj 

(Vbia  +  VR)  (NnA  +  AU)  NaBNdB 


(Vblb  +R)  ( NaB  +  NdB) 


Vh,  =  V,  In 


NaNd 


1018  x  1015  ' 

VbiA  =0.0259  In  I  — — |  =0.754  V 
blA  225  x  102 

1  O18  x  1  016 

VblB  =0.0259  In  |  — -  |  =0.814  V 


225  x  102 


Ea 


f  5.754  Y  1018  +  1015  Y 10 


l  5.814  { 10 18  +1016  [  10 


A 16  Y 


=  3.13 


16.  (o  vw  =  vtm 


NaNd 


=  0.0259  In 


4  x  1016  x  4  x  10 17 


2.25  x  102 


=  0.826  V 


I K 


2e(V6l  +  VR)  NaNd 
£  ( Na  +  Nd) 

zE, 


V,,  +  V„  =  — ^  — +  — 


2e  {Na  Nd 
(11.7  x  8.85  x  10'14)(3x  105)2 


2  x  1.6  x  10 


4  x  1016  4  x  101 


V 


=  8.008  V 


Ufl=  8.008  -0.826  =7.18  V 


17.  (B)  Vbi  =  Vjln  N°Nd 


v  < 


=  0.0259  In 


C'  = 


225  x  102 


ezNaNd 


=  0.754  V 


2  (Vi  +  VR)(Na  +  Nd) 


e*NaNd 

2  For  Na  »  Nd  ,  C'  = 

eeNd 

[2(Vbl  +  VR)\ 

[2(Vbi  +  VR)(Na  +  Nd)  \ 

1.6  x  10'19  x  11.7  x  8.85  x  10  ^  x  101 


2  (10  +  0.754) 

=  2.77  xlO'9  F/cm2 

C  =  AC'  =  6  x  10'4  x  2.77  x  10  '9  =  1.66  x  10'12  F 
1  1 


fo  = 


18. (B)  \E 


2t ijLC  271^2.2  x  10'3x  1.66  x  10 

eN  „xn 

"2e(VM  +  VR) 


=  2.6  MHz. 


eN„ 


(Vw  +  VE) 


For  a  p+  n  junction,  x. 

So  that  \EmJ=\2eNd 

L  6» 

Assuming  Vbi  «  VR  , 

N  =  eF’max  _  (11-7  x  8.85  x  10'14)(106)2 


2(1.6  x  10'14)(10) 


=  3.24  x  1017  cm' 


19.  (B)  In=I 


20.  (B)  In=Is 


f  > 

enV‘  -1 
v 

f  Yr.  ^ 

-i 

v  7 


=  10'10(e2*(0  0259)  -  1)  =  35  mA 


=>  Vfl=T!V(ln|l  +  ^ 
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7fl  x  1 0“6 

=  (1.05X0.0259)  In  |  1+  1Q  is  1  =  0-87  v 


(Vi  -  Vi) 


21.  (B)  Id  »  Isey  , 


d2  y 

e  1 


V1  ~V2  =  Vt  In  I 

-'di  y 


=  0.0259  In  10  =59.6  mV 


22.  (A)  I  =/ 
I 


f  A 

ev‘  -1 

Y  J 


=>  V=V(ln|y-  +  l 


=  -0.90  (-ive  due  to  reverse  current) 

ls 

V=  0.0259  In  (1-0.9)  =-59.6  mV 
1  [D~ 


23.  (B)  I  =  Aenf 


Nd  ]  ipo 


(10X1.6  X  10  )(1.5  X  10 10r  12 


101 


10“ 


=  3.94  X  10“15  A 


24.  (D)  — =0.95, 

A  +J„ 


P 

1  iDl 


‘  Na 


Jz\  +— JA 


=  0.95, 


A 

N,, 


-  =0.083 


25.  (C)  S pn  =pn-pn  o  =pn  o 
_  nf  _(1.5x  1010)2  _ 


r  (ev°) 

- 

r  f_oi 

-1 

e  Lp ' 

- 

- 

P, 


Nd  101 


2.25  x  104  cm 


Lp  =^Dpxp o  =V(8)(lxlO“8)  =2.83 x  10“4  cm 


5p„  =225  x  104 
=  3.8  x  1014e 


r  f  °-61  i  i 

r 

x 

e  1,0.0259)  _  1 

e 

2. 83x10 

14  -“3534*  cm”3 


26.  (A)  J  =  -  eZ)  a(5Pn)  =eZ>  ( 3.8  x  1014)(3534)e”3534* 
p  p  p 

x  =  3  pm  =  3  x  10“4  cm 
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=  0.6  A/cm2 
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-1 
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[  0.5 
1 0.0259, 


-1 


28.  (A)  I  oc  nfe\vt)  oc  e 
f  v„-e 
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2  V  2  x  (0.0259) 
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Z  =—  = 
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31.  (A)  For  a  p  n  diode  Ip0  »  In  0 


2  V, 


-^=2.5x10 


2V 
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32.  (C)  BP  = 


P PL  _  L 
A  Ate^iVJ 

02 
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R„  = 


PnL_  L 

A  Ae(p  nNd) 

0.10 


(10^X16  x  10  )(1350)(10  ) 


=  46.3  Q 


R  =  R  +  R„  =72.30 


33.  (B)  Vbi  =  Vt  In 
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rNaNd A 


101 
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1  1  " 

1  « 

lNa  +  Na\ 
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j  enW 
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eE2 

34.  (A)  VR  =  mt 
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2  eNR 


25  = 
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35.  (D)  E  = 
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2  x  (11.7  x  8.85  x  10  “14)(1.14  -0.4)  f  2 


1.6  x  10" 


5  x  101 
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=  324  x  10“4  cm"3 
=  6.48  x  106  cm"3 


25 


1  T„0  V  10x10- 


12 


i  tp0  i  10  x  10" 


-  =5x  104, 

=  3.5  x  104 

(5  x  104)(3.24  x  10"4) 


T|"y  (5  x  104)(3.24  x  10  -4)  +  (3.5  x  104)(6.48  x  10'6) 
=  0.986 

39.  (B)  The  areal  density  at  threshold  is 
Jthxr  _  (500X1.5  x  10  9) 


Tlo  D  —  — 

e  1.6  x  10 

The  carrier  density  is 

2D 


=  4.69  x  1012  cm" 


n 


th 


* Las 


10 


=  4.69  x  1018  cm" 


Once  the  threshold  is  reached,  the  carrier  density  does 
not  change.  When  J  >Jth  the  electron  hole 
recombination  is 

y( J)  =  Jth  xr( Jth )  = 15  x  10  9  =  3  x  10  -10  s 
J  5 

The  optical  power  produced  is  p  =  hw 

e 


36.  (A)  For  a  p+n  diode,  Neglecting  Vl  compared  to  Vg  ,  _  (5  x  500)(2  x  10  5)(1.43  x  1.6  x  10  19) 


2eVg 

2 

2(11.7  x  8.85  x  10  14)(100)‘ 

[eNd_ 

(1.6  x  10"19)(5  x  1015) 

1.6  x  10" 


=  71.5  MW 


=  5.1  pm 


37.  (D)  Vhi  =Vlnl  N“Nd 
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Statement  for  Q.l-2: 

The  parameters  in  the  base  region  of  an  npn 
bipolar  transistor  are  as  follows  Dn  =20  cm2/s,  nB0  =  104 
cm"3,  xB  =  lpm,  Abe  =  10"4  cm2. 

3  If  VBE  =0.5  V,  then  collector  current  Ic  is 
(A)  7.75  pA  (B)  1.6  pA 

(C)  0.16  pA  (D)  77.5  pA 

3  If  VBE  =0.7  V,  then  collector  current  Ic  is 
(A)  418  pA  (B)  210  pA 

(C)  17.5  pA  (D)  98  pA 

3  In  bipolar  transistor  biased  in  the  forward-active 

region  the  base  current  is  IB  =  50  pA  and  the  collector 

currents  is  Ic  =2.7  mA.  The  a  is 

(A)  0.949  (B)  54 

(C)  0.982  (D)  0.018 

U  A  uniformly  doped  silicon  npn  bipolar  transistor  is  to 

be  biased  in  the  forward  active  mode  with  the  B-C 

junction  reverse  biased  by  3  V.  The  transistor  doping 

are  NE  =  1017  cm"3,  N,,  =  1016  cm"3  and  Nc  =  10 15  cm"3. 

The  BE  voltage,  at  which  the  minority  carrier  electron 

concentration  at  x  =0  is  10%  of  the  majority  carrier  hole 

concentration,  is 

(A)  0.94  V  (B)  0.64  V 

(C)  0.48  V  (D)  0.24  V 
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|  A  uniformly  doped  npn  bipolar  transistor  is  biased  in 
the  forward-active  region.  The  transistor  doping 
concentration  are  NE  =  5  x  1017  cm"3,  N B  =  10 16  cm"3  and 
Nc  =  1015  cm"3.  The  minority  carrier  concentration  pE0  , 
nB0  and  pco  are 

(A)  4.5  x  10* 2,  2.25  x  104,  2.25  x  105  cm"3 

(B)  2.25  x  104,  2.25  x  105,  4.5  x  102  cm"3 

(C)  2.25  x  104,  2.25  x  105,  4.5  x  104  cm"3 

(D)  4.5  x  104,  225  x  104,  2.25  x  105  cm"3 

3  A  uniformly  doped  silicon  pnp  transistor  is  biased  in 
the  forward-active  mode.  The  doping  profile  is  NE  =  10 18 
cm"3,  Nb  =  5  x  1016  cm"3  and  Nc  =  1015  cm"3.  For  VEB  =  0.6 
V,  the  pB  at  x=0  is  (See  fig.  P2.3.7-8) 

(A)  52  x  1019  cm"3  (B)  52  x  10 13  cm"3 

(C)  52  x  1016  cm"3  (D)  52  x  10 11  cm"3 

Statement  for  Q.7-8: 

An  npn  bipolar  transistor  having  uniform  doping 
of  Ne  =  10 18  cm"3  Nb  =  1016  cm"3  and  Nc  =  6  x  10 15  cm"3 
is  operating  in  the  inverse-active  mode  with  VBE  =  -  2  V 
and  VBC  =  0.6  V.  The  geometry  of  transistor  is  shown  in 
fig  P2.3.7-8. 

Emitter  Base  Collector 


x’  x - ►  x” 


Fig.  P2.3.7-8 
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|  The  minority  carrier  concentration  at  x  =  xB  is 


(A)  4.5  x  1014  cm-3 

(B)  2.6  x  10 12  cnT3 

(C)  2.6  x  1014  cm-3 

(D)  3.9  x  10 14  cm  3 

0  The  minority  carrier  concentration  at  x"  =0  is 

(A)  3.9  x  1014  cm"3 

(B)  2.7  x  10 12  cnT3 

(C)  2.7  x  1014  cm”3 

(D)  4.5  x  10 14  cm"3 

3  An  pnp  bipolar  transistor  has  uniform  doping  of 

Ne=6x  1017  cm"3,  NB 

=  2  x  10 16  cm  3  and  Nc  =  5  x  1014 

cm  3.  The  transistor  is  operating  is  inverse-active  mode. 
The  maximum  VCB  voltage,  so  that  the  low  injection 

condition  applies,  is 

(A)  0.86  V 

(B)  0.48  V 

(C)  0.32  V 

(D)  0.60  V 

Statement  for  Q.10-12: 

The  following 

currents  are  measured  in  a 

uniformly  doped  npn 

bipolar  transistor: 

InE  =  1-20  mA,  IpE 

=  0.10  mA,  InC  =1.18  mA 

IR  =020  mA,  IG  - 

=  1  hA,  I„co  =  1  hA 

FTil  The  a  is 

(A)  0.667 

(B)  0.733 

(C)  0.787 

(D)  0.8 

n  The  p  is 

(A)  3.69 

(B)  0.44 

(C)  2.27 

(D)  8.39 

The  y  is 

(A)  0.816 

(B)  0.923 

(C)  1.083 

(D)  0.440 

A  silicon  npn  bipolar  transistor  has  doping 
concentration  of  NE  =  2  x  1018  cm-3,  NB  =  10 17  cnT3  and 
Nc  =1.5  x  1016  cm-3.  The  area  is  10  3  cm2  and  neutral 
base  width  is  1  pm.  The  transistor  is  biased  in  the  active 
region  at  VBE  =0.5  V.  The  collector  current  is 

(. Db  =20  cm2/s) 

(A)  9  pA  (B)  17  pA 

(C)  22  pA  (D)  11  pA 

m  A  uniformly  doped  npn  bipolar  transistor  has 
following  parameters: 


Ne  =  1018  cm  3,  Nb  =5  x  1016  cm  3, 

Nc  =2  x  1019  cm-3, 

De  =  8  cm2/s  ,  DB  =  15  cm2/s  ,  Dc=  14  cm2/s 
xE  =0.8  pm,  xB  =0.7  pm 

The  emitter  injection  efficiency  y  is 
(A)  0.999  (B)  0.977 

(C)  0.982  (D)  0.934 

IP  A  uniformly  doped  silicon  epitaxial  npn  bipolar 
transistor  is  fabricated  with  a  base  doping  of 
Nb  =  3  x  1016  cm-3  and  a  heavily  doped  collector  region 
with  Nc  =  5  x  10 17  cm  3.  The  neutral  base  width  is 
x8  =0.7  pm  when  VBE  =  VBC  =0.  The  VBC  at 
punch-through  is 

(A)  26.3  V  (B)  18.3  V 

(C)  12.2  V  (D)  6.3  V 

A  silicon  npn  transistor  has  a  doping  concentration 
of  NB  =  1017  cm  3  and  Nc  =  7  x  10 15  cm  3.  The 
metallurgical  base  width  is  0.5  pm.  Let  VnE  =0.6  V. 
Neglecting  the  B-E  junction  depletion  width  the  VCE  at 
punch-through  is 

(A)  146  V  (B)  70  V 

(C)  295  V  (D)  204  V 

EH  A  uniformly  doped  silicon  pnp  transistor  is  to 
designed  with  NE  =  1019  cm  3  and  Nc  =  10 16  cm  3.  The 
metallurgical  base  width  is  to  be  0.75  pm.  The 
minimum  base  doping,  so  that  the  minimum 
punch-through  voltage  is  Vpt  =25  V,  is 
(A)  4.46  x  1015  cm-3  (B)  4.46  x  10 16  cm"3 

(C)  1.95  x  1015  cm-3  (D)  1.95  x  1016  cm'3 

fTSl  For  a  silicon  npn  transistor  assume  the  following 
parameters: 

IE  =0.5  mA,  (3  =  48 
xB  =0.7  pA,  xdc  =2  pm 
Cs  =  Cp  =0.08  pF,  Cje  =0.8  pF 
Dn  =  25  cm2/s,  rc  =  30  Q 

The  carrier  cross  the  space  charge  region  at  a 
speed  of  107  cm/s.  The  total  delay  time  xec  is 
(A)  164.2  ps  (B)  234.4  ps 

(C)  144.2  ps  (D)  298.4  ps 
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fCT  In  a  bipolar  transistor,  the  base  transit  time  is  25% 
of  the  total  delay  time.  The  base  width  is  0.5  pm  and 
base  diffusion  coefficient  is  DB  =20  cm2/s.  The  cut-off 
frequency  is 

(A)  637  MHz  (B)  436  MHz 

(C)  12.8  GHz  (D)  46.3  GHz 

S3  The  base  transit  time  of  a  bipolar  transistor  is  100 
ps  and  carriers  cross  the  1.2  pm  B-C  space  charge  at  a 
speed  of  107  cm/s  .  The  emitter-base  junction  charging 
time  is  25  ps  and  the  collector  capacitance  and 
resistance  are  0.10  pF  and  10  Q,  respectively.  The  cutoff 
frequency  is 

(A)  43.8  GHz  (B)  32.6  GHz 

(C)  3.26  GHz  (D)  1.15  GHz 


Statement  for  Q.21-22: 

Consider  the  circuit  shown  in  fig.  P2. 3. 21-22.  If 
voltage  Vs  =  0.63V,  the  currents  are  7c=275pA  and 
IB  =  5  pA  . 


— t 

-O 

Fig.P2.3.21-22 

The  forward  common-emitter  gain  [S,,  is 
(A)  56  (B)  55 

(C)  0.9821  (D)  0.9818 


5E1  The  forward  current  gain  aF  is 
(A)  0.9821  (B)  0.9818 

(C)  55  (D)  56 


>%1  Consider  the  circuit  shown  in  fig  P2.3.23.  If  V/  =0.63 
V,  II  =275  pA  and  I2  =  125  pA,  then  the  value  of  73  is 


(A)  -  400  pA 
(C)  -  600  pA 


Fig.  P2.3.23 

(B)  400  pA 

(D)  600  pA 


Statement  for  Q.24-26: 

For  the  transistor  in  circuit  of  fig.  P2. 3. 24-26.  The 
parameters  are  =  1 ,  (3^.  =  100  ,  and  Is  =  1  fA  . 

-h: 


Fig.  P2.3.24-26 


^3  The  current  7C  is 

(A)  1  fA 

(B)  2  fA 

(C)  1.384  fA 

(D)  0  A 

^3  The  current  IE  is 

(A)  1  fA 

(B)  -1  fA 

(C)  2  fA 

(D)  -2  fA 

M  The  current  I B  is 

(A)  2  fA 

(B)  -2  fA 

(C)  1  fA 

(D)  -1  fA 

^3  For  the  transistor  in 

fig.  P2.3.27,  7S  =  10 

\\F  =  100  ,  =  1.  The  current  ICB0  is 


Fig.P2.3.27 

(A)  1.01  x  1014  A  (B)  2  x  10  14  A 

(C)  1.0 lx  10 “15  A  (D)  2  x  10~15  A 

Statement  for  Q.28-31: 

Determine  the  region  of  operation  for  the 
transistor  shown  in  circuit  in  question. 

S3 

-6 

— t 


Fig.P2.3.28 

(A)  Forward- Active  (B)  Reverse-Active 

(C)  Saturation  (D)  Cutoff 
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S3 


h; 

6  V 


Fig.  P2.3.29 

(A)  Forward- Active  (B)  Reverse-Active 

(C)  Saturation  (D)  Cutoff 


£Ti1 


Fig.P2.3.30 

(A)  Forward-Active  (B)  Reverse-Active 

(C)  Saturation  (D)  Cutoff 

S3 

3  V 


6  V 


Fig.P2.3.31 

(A)  Forward-Active  (B)  Reverse-Active 

(C)  Saturation  (D)  Cutoff 


£71  The  current  /,  is 

(A)  -12.75  mA  (B)  12.75  mA 

(C)  12.5  mA  (D)  - 12.5  mA 


Statement  for  Q.34-35: 

The  leakage  current  of  a  transistor  are  ICB0  =  5  g 
A  and  ICE0  =0.4  mA,  and  IB  =  30  pA. 


£71  The  value  of  p  is 
(A)  79 
(C)  80 

£71  The  value  of  Ic  is 
(A)  2.4  mA 
(C)  2.34  mA 


(B)  81 

(D)  None  of  the  above 

(B)  2.77  mA 
(D)  1.97  mA 


Statement  for  Q.36-37: 

For  a  BJT,  Ic  =  5  mA,  I B  =  50  gA  and  ICB0  =  0.5  pA. 

£71  The  value  of  p  is 

(A)  103  (B)  91 

(C)  83  (D)  51 


£71  The  value  of  IE  is 

(A)  5.25  mA  (B)  5.4  mA 

(C)  5.65  mA  (D)  5.1  mA 


Statement  for  Q.32-33: 

For  the  circuit  shown  in  fig.  P2. 3. 32-33,  let  the 
value  of  pfi  =0.5  and  pF  =50.  The  saturation  current  is 
10  16  A. 

+3  V 


£71  The  base-emitter  voltage  is 

(A)  0.53  V  (B)  0.7  V 

(C)  0.84  V  (D)  0.98  V 
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SOLUTIONS 


1.  (A)  Ic  =  I se 
I  _  eD,i  A-BEnB 


a,b 

1-19 


(1.6  x  10  )(20)(10  )(10 4) 


10 


Ic  =  3.2  x  10  14e 


=  32  x  10  14  A 


0.5 

0.0259J  _ 


7.75  pA 


a  nf  (1.5  xlO10)2  ___  ln4  _3 

8.  (D)  »„„=—!-= - — —  =  3.75x10  cm 

co  Nc  6  x  1015 


pc(x"  =0)  =  pCQey 
=  3.75  x  104e  0  0259  =  4.31  x  1014  cm3 


9.  (B)  Low  injection  limit  is  reached  when 
pc(0)  =0.10A1C  =  5  x  1013  cm-3, 
nf  (1.5  x  1010  )2 


Pco  ~ 


Nc  5  x  101 


=  4.5  x  10 


0.7 

2.  (C)  Ir=32x  io-V"  =17.5  mA 


pc(0)  =  pcoe 


Vcn=Vt\n 


V 0) 

V  Pco 


3.  (C)  $F  =y-  ,  aF=-^- 
Ib  1  +  Pi? 


aF  =- 


2.7m 


=  0.982 


Ic  +  IB  2.7m  +  50p 


.  nf  (1.5  xlO10)2  QO,  ln4  -3 

4.  (B)  np0  =  jj-  = - ^ - =2.25x10  cm 


=  0.0259  In  |  5x  10  -  |  =0.48  V 
4.5  x  10 5 

10.  (C)  a  =  J"r 

1.18 


J nE  +  Jr  +  J pE  InE  +  ^R  +  ^ pE 


12+02+  0.1 


=  0.787 


At  x  =0,  n  (0)  =  n  0e 


P -~p  oc 

f  „  \ 


=>  VBE  —  VT  In 


VO) 

V  V  ; 


10  1016  inl5 

n( 0)  = - x  NB  = - =  10 15 

p  100  B  10 


VBV  =0.0259  In 


101 


225  x  10  ■ 


=  0.635  V 


_  nf  (1.5  x  10 10)2  _3 

5.  (A)  pE0  =  —t—  =  — - — —77; —  =  450  cm 


Ne  5  x  101 


^Rfl  — 


nf  (1.5  x  10 10)2  QQ_  4  _3 

— —  = - = — =2.25x10  cm 

Nb  5  x  1016 


nf  (1.5  XlO10)2  ooc  inB  -3 

prn  = — —  = - = —  =2.25  x  10  cm 

co  Ne  5  x  1015 


„  nf  (1.5  xlO10)2  .  _  ln3  _3 

6.  (B)  pRn  =  — —  = - — —  =  4.5  x  10  cm 

B0  Nb  5  X  1016 


[Veb]  (  OB  ) 

pB( 0)  =  Ps^  v‘  ’  =  4.5  X  10  V  0  0259>  =5.2  X  1013  cm-3 


11.  (A)  p  = 


12.  (B)  y  = 


a  __  0.787 
1  -  a  1  -0.787 


J. 


=  3.69 


1.2 


J nE  +  J  pE  InE  +  ^ pE  1-2  +  0.1 


=  0.923 


13.  (B)  nBa  =^  =  (L5x.1?  ^  =225  x  103  cm'3 


Nb  101 


nB(0)=nBOey  tJ  =225x10 V 
eDBAnB{  0) 


0.5 

3.0259  J  _ 


5.45  x  10n  cm 


h  = 


(1.6  x  10  )(20)(10  )(5.45  x  10  n) 


10- 


=  17.4  pA 


14.  (B)  y  = 


_i_  Nb  De  .  XB 

Ne  Db  xe 


5  x  10lb  8  0.7 


=  0.977 


1018  15  0.8 


7.  (C)  nB0  =  = (1'5  x  10)2  =2.25  x  104  cm-3 

B0  Nb  1016 


nB{x  =  xB)  =  nBQe 


=  2.25  x  104e° 0259  =2.6  x  10 14  cm"3 


15.  (B)  Vhi  =  Vt  In  1  NbNc 


=  0.0259  In  |  3  x  1Ql6  x  5  *  1Ql?  |  =0.824  V 
(1.5  x  1010)2 

At  punch-through 
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27.  (04=4 


=  0 


1 

1^7 


P* 

1  +  Bf 


*H 

1 

CO 

Is 

l4f)_11 

CBO  n 

1  +  Pf 

pB 

Vbc=-5  V,  V,  =0.0259  V 

ICB0  =— ^(1  -0)  -  — (0  -1)  =  1.014  =1.01xl0“15  A 

CB°  101  i  S 

28.  (D) 


B-E  junction  VBE 

B-C  Junction  VgC 

Reverse  Bias 

Forward  bias 

Forward  bias 

F  orward- Active 

Saturation 

Reverse  Bias 

Cut-off 

Reverse-Active 

33.  (A)  4  =(|3F  +  1)1  B  =  12.75  mA 
/,  =-4  =-12.75  mA. 


34.  (A)  7ceo=(P+1)4bo 


P+l  = 


0.4m 

5p 


80 


p  =  79 


35.  (B)  4  =p IB  +  ICE0  =  79(30p)  +0.4m  =2.77  mA 

36.  (A)  Ic  =  P  4  +  I  CEO  =  P  4  +  ( P  +  1)  I CBO 
p  =  Ic~Icbo  =52m-0.5p  a  10396 

I b  I cbo  50|^  +  0.5p, 

37.  (A)  a  =  — - —  =0.9904 

P+1 

I  Jc  zlcm  =  52m-0.5p  =  52g  MA 


VBE  =0  ,  VgC  <0,  Thus  both  junction  are  in  reverse  bias. 
Hence  cutoff  region. 

29. (A)  VBE  >  0  ,  VBC  =  0,  Base-Emitter  junction  forward 
bais,  Base-collector  junction  reverse  bias,  Hence 
forward-active  region. 

30.  (B)  VBE  =0  ,  VgC  >0,  Base-Emitter  junction  reverse 
bais  ,  Base-collector  junction  forward  bias,  Hence 
reverse-active  region. 

31.  (C)  VBE  =  6  V,  VBC  =  3  V,  Both  junction  are  forward 
biase,  Hence  saturation  region. 

32.  (C)  The  current  source  will  forward  bias  the 
base-emitter  junction  and  the  collector  base  junction 
will  then  be  reverse  biased.  Therefore  the  transistor  is 
in  the  forward  active  region 

Vbe 
Vt 

xc  ~LS^ 

4  =  pF/s  =  50  X  250  X  10'6  =  12.5  x  10  “3  A 
Vbe  =  Vt  In  ^  j  =0.0259 In  j  =0.84  V 
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In  n-well  CMOS  fabrication  substrate  is 

(A)  lightly  doped  n  -  type 

(B)  lightly  doped  p  -  type 

(C)  heavily  doped  n  -  type 

(D)  heavily  doped  p  -  type 

m  The  chemical  reaction  involved  in  epitaxial  growth 
in  IC  chips  takes  place  at  a  temperature  of  about 
(A)  500°  C  (B)  800°  C 

(C)  1200°  C  (D)  2000°  C 

fH  A  single  monolithic  IC  chip  occupies  area  of  about 
(A)  20  mm2  (B)  200  mm2 

(C)  2000  mm2  (D)  20,000  mm2s 

m  Silicon  dioxide  layer  is  used  in  IC  chips  for 

(A)  providing  mechanical  strength  to  the  chip 

(B)  diffusing  elements 

(C)  providing  contacts 

(D)  providing  mask  against  diffusion 

The  p-type  substrate  in  a  monolithic  circuit  should 
be  connected  to 

(A)  any  dc  ground  point 

(B)  the  most  negative  voltage  available  in  the  circuit 

(C)  the  most  positive  voltage  available  in  the  circuit 

(D)  no  where,  i.e.  be  floating 

The  collector-substrate  junction  in  the  epitaxial 
collector  structure  is,  approximately 

(A)  a  step-graded  junction 

(B)  a  linearly  graded  junction 

(C)  an  exponential  junction 

(D)  None  of  the  above 

EEZ  The  sheet  resistance  of  a  semiconductor  is 

(A)  an  important  characteristic  of  a  diffused  region 
especially  when  used  to  form  diffused  resistors 

(B)  an  undesirable  parasitic  element 

(C)  a  characteristic  whose  value  determines  the 
required  area  for  a  given  value  of  integrated 
capacitance 

(D)  a  parameter  whose  value  is  important  in  a 
thin-film  resistance 
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Monolithic  integrated  circuit  system  offer  greater 
reliability  than  discrete-component  systems  because 

(A)  there  are  fewer  interconnections 

(B)  high-temperature  metalizing  is  used 

(C)  electric  voltage  are  low 

(D)  electric  elements  are  closely  matched 

Silicon  dioxide  is  used  in  integrated  circuits 

(A)  because  of  its  high  heat  conduction 

(B)  because  it  facilitates  the  penetration  of  diffusants 

(C)  to  control  the  location  of  diffusion  and  to  protect 
and  insulate  the  silicon  surface. 

(D)  to  control  the  concentration  of  diffusants. 

SjJ  Increasing  the  yield  of  an  IC 

(A)  reduces  individual  circuit  cost 

(B)  increases  the  cost  of  each  good  circuit 

(C)  results  in  a  lower  number  of  good  chips  per  wafer 

(D)  means  that  more  transistor  can  be  fabricated  on 
the  same  size  wafer. 

m  The  main  purpose  of  the  metalization  process  is 

(A)  to  act  as  a  heat  sink 

(B)  to  interconnect  the  various  circuit  elements 

(C)  to  protect  the  chip  from  oxidation 

(D)  to  supply  a  bonding  surface  for  mounting  the  chip 

In  a  monolithic-type  IC 

(A)  each  transistor  is  diffused  into  a  separate 
isolation  region 

(B)  all  components  are  fabricated  into  a  single  crystal 
of  silicon 

(C)  resistors  and  capacitors  of  any  value  may  be 
made 

(D)  all  isolation  problems  are  eliminated 

>%1  Isolation  in  ICs  is  required 

(A)  to  make  it  simpler  to  test  circuits 

(B)  to  protect  the  transistor  from  possible  "thermal 
run  away” 

(C)  to  protect  the  components  mechanical  damage 

(D)  to  minimize  electrical  interaction  between  circuit 
components 

m  Almost  all  resistor  are  made  in  a  monolithic  IC 

(A)  during  the  base  diffusion 
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(B)  during  the  collector  diffusion 

(C)  during  the  emitter  diffusion 

(D)  while  growing  the  epitaxial  layer 


fcStd  The  equation  governing  the  diffusion  of  neutral 
atom  is 


(A) 

(C) 


dN  _D  d2N 
dt  dx2 

d2N  _pdN 
dt2  dx 


(B) 

(D) 


dN  _D  d2N 
dx  dt2 

d2N  _DdN 
dx2  dt 


^3  The  true  statement  is 

(A)  thick  film  components  are  vacuum  deposited 

(B)  thin  film  component  are  made  by  screen-and-  fire 
process 

(C)  thin  film  resistor  have  greater  precision  and  are 
more  stable 

(D)  thin  film  resistor  are  cheaper  than  the  thin  film 
resistor 


The  False  statement  is 

(A)  Capacitor  of  thin  film  capacitor  made  with  proper 
dielectric  is  not  voltage  dependent 

(B)  Thin  film  resistors  and  capacitor  need  to  be 
biased  for  isolation  purpose 

(C)  Thin  film  resistors  and  capacitor  have  smaller 
stray  capacitances  and  leakage  currents. 

(D)  None  of  the  above 


For  the  circuit  shown  in  fig.  P2.5.30,  the  minimum 
number  and  the  maximum  number  of  isolation  regions 
are  respectively 


Fig.  P2.5.32 

(A)  2,  6  (B)  3,  6 

(C)  2,  4  (D)  3,  4 


For  the  circuit  shown  in  fig.  P2.5.31,  the  minimum 
number  of  isolation  regions  are 


(C)  4  (D)  7 


Consider  the  following  two  statements 

Sj  :  The  dielectric  isolation  method  is  superior  to 
junction  isolation  method. 

S2  :  The  beam  lead  isolation  method  is  inferior  to 
junction  isolation  method. 

The  true  statements  is  (are) 

(A)  S1,S2  (B)  only 

(C)  only  (D)  Neither  nor  S2 


If  P  is  passivation,  Q  is  n-well  implant,  R  is 
metallization  and  S  is  source/drain  diffusion,  then  the 
order  in  which  they  are  carried  out  in  a  standard  n-well 
CMOS  fabrication  process  is 
(A)  S  -  R  -  Q  -  P  (B)  R  -  P  -  S  -  Q 

(C)  Q  -  S  -  R  -  P  (D)  P  -  Q  -  R  -  S 
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SOLUTIONS 


1.  (D) 

2.  (D) 

3.  (B) 

4.  (B) 

5.  (C) 

6.  (B) 

7.  (C) 

8.  (B) 

9.  (C) 

10.  (D) 

11.  (B) 

12.(0 

13.  (C) 

14.  (D) 

15.  (B) 

16.  (A) 

17.  (A) 

18.  (A) 

19.  (C) 

20.  (A) 

21.  (B) 

22.  (B) 

23.  (D) 

24.  (A) 

25.  (A) 

26.  (C) 

27.  (B) 

28.  (B) 

29.  (C) 

30.  (D)  The  minimum  number  of  isolation  region  is  3 
one  containing  Q1  ,  one  containing  and  one  containing 
both  and  .  The  maximum  number  of  isolation  region  is 
4,  or  one  per  component. 

31.  (A)  The  minimum  number  of  isolation  region  is  two. 
One  for  transistor  and  one  for  resistor. 
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Statement  for  Q.l-4: 

In  the  question  a  circuit  and  a  waveform  for  the 
input  voltage  is  given.  The  diode  in  circuit  has  cutin 
voltage  Vr  =0.  Choose  the  option  for  the  waveform  of 
output  voltage  va  . 


Fig.3.1.2 


(A) 


VQ 


(B) 


LrLrr' 

(D) 
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H  For  the  circuit  in  fig.  P.3.1.5,  let  cutin  voltage  V  =  0.7 


3  For  the  circuit  in  fig.  P3.1.6  the  cutin  voltage  of  diode 
is  V,  =0.7  V.  The  plot  of  v0  versus  vt  is 


19.6 


For  the  circuit  shown  in  fig.  P3.1.7,  each  diode  has 

VY  =0.7  V.  The  va  for  -10  <  v,  +10  V  is 
7  +10  v 


Fig.  P3.1.7. 


(D) 

3  A  symmetrical  5  kHz  square  wave  whose  output 
varies  between  +10  V  and  -10  V  is  impressed  upon  the 
clipping  circuit  shown  in  fig.  P3.1.8.  If  diode  has  rf  =0 


5 

-10 


(A) 


(B) 


(B) 


(C) 


(D) 
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3  In  the  circuit  of  fig.  P3.1.9,  the  three  signals  of  fig  are 
impressed  on  the  input  terminals.  If  diode  are  ideal 
then  the  voltage  ua  is 


D  i 


- t  - - 1 

(A)  (B) 


(C)  (D) 

EEJ  For  the  circuit  shown  in  fig.  P3.1.10  the  input 
voltage  vt  is  as  shown  in  fig.  Assume  the  R C  time 
constant  large  and  cutin  voltage  of  diode  Vy  =0.  The 
output  voltage  va  is 


C 


Fig.  P.3.1.10 

V„ 
20  ■ 


-20 


(C)  (D) 

EQ  For  the  circuit  shown  in  fig.  P.3.1.11,  the  input 
voltage  vi  is  as  shown  in  fig.  Assume  the  RC  time 
constant  large  and  cutin  voltage  Vy  =0.  The  output 
voltage  va  is 


c 


(A)  (B) 


(D)  None  of  the  above 


(D) 


^3  In  the  circuit  of  fig.  P3.1.12,  Ds  and  D2  are  ideal 
diodes.  The  current  and  i2  are 


Fig.  P3.1.12 


(A)  0,4  mA  (B)  4  mA,  0 

(C)  0,  8  mA  (D)  8  mA,  0 


[0  In  the  circuit  of  Fig.  P3.1.13  diodes  has  cutin 
voltage  of  0.6  V.  The  diode  in  ON  state  are 


12  n  6  n 

r>pw\n^vw-KH 


Fig.  P3.1.13 


(A)  only  D1  (B)  only  D2 

(C)  both  Dt  and  D2  (D)  None  of  the  above 
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^3  The  diodes  in  the  circuit  in  fig.  P3.1.22  has 
parameters  Vy  =0.6  V  and  rf  =0.  The  current  iD2  is 


+10  v 


Fig.  P3.1.22 

(A)  8.4  mA  (B)  10  mA 

(C)  7.6  mA  (D)  0  mA 


m  If  v2  =0,  then  output  voltage  va  is 

(A)  6.43  V 

(B)  9.43  V 

(C)  7.69  V 

(D)  8.93  V 

SSI  If  v2=5  V,  then  v0  is 

(A)  8.93  V 

(B)  12.63  V 

(C)  18.24  V 

(D)  10.56  V 

SSI  If  v2  =  10  V,  then  v0  is 

(A)  10  V 

(B)  9.16  V 

(C)  8.43  V 

Statement  for  Q.29-30: 

(D)  12.13  V 

Statement  for  Q.23-25: 

The  diodes  in  the  circuit  in  fig.  P3. 1.23-25  have 
linear  parameter  of  V,  =0.6  V  and  rf  =0. 


+10  v 


Fig.  P3. 1.23-25 

SSI  If  v1  =  10  V  and  v2  =  0  V,  then  v0  is 
(A)  8.93  V  (B)  7.82  V 

(C)  1.07  V  (D)  2.18  V 


The  diode  in  the  circuit  of  fig.  P3. 1.29-30  has  the 
non  linear  terminal  characteristic  as  shown  in  fig.  Let 
the  voltage  be  vs  =  cos  cot  V. 


SSI  The  current  iD  is 

(A)  2.5(1  +  cos  cot)  mA  (B)  5(0.5  +  cos  cot)  mA 

(C)  5(1  +  cos  cot)  mA  (D)  5(1  +  0.5  cos  cot)  mA 


^3  If  v1  =  10  V  and  v2  =  5  V,  then  va  is 
(A)  9.13  V  (B)  0.842  V 

(C)  5.82  V  (D)  1.07  V 


5Ti1  The  voltage  vD  is 
(A)  025(3  +  cos  cot)  V 
(C)  0.5(3  +  lcos  cot)  V 


(B)  025(1  +  3cos  cot)  V 
(D)  0.5(2  +  3 cos  cot)  V 


SSI  If  v1=v2  =  0,  then  output  voltage  v0  is 
(A)  0.964  V  (B)  1.07  V 

(C)  10  V  (D)  0.842  V 


Statement  for  Q.26-28: 

The  diodes  in  the  circuit  of  fig.  P3. 1.26—28  have 
linear  parameters  of  Vy  =0.6  V  and  rf  =0. 

500  n  d2 

v20 - V\A — PH — 


+io  vo— VW — 1>\~ 
500  n  Di 


■  9.5  kD 


IB  The  circuit  inside  the  box  in  fig.  P3.1.31.  contains 
only  resistor  and  diodes.  The  terminal  voltage  va  is 
connected  to  some  point  in  the  circuit  inside  the  box. 
The  largest  and  smallest  possible  value  of  va  most 
nearly  to  is  respectively 

+15  V 

T 

Q^T  Circuit  Containing 

°  Diode  and  Resistor  °  U° 

i 

Fig.  3.1.31 


(A)  15  V,  6  V 
(C)  24  V,  6  V 


Fig.  P3. 1.26-28 
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In  the  voltage  regulator  circuit  in  fig.  P3.1.32  the 
maximum  load  current  iL  that  can  be  drawn  is 


15  kO 


- W - 

30  V  ^ 

^  V,  =  9V^ 

J  «2=0  L 

l  \ 

\k 


(A)  1.4  mA 
(C)  1.8  mA 


Fig.  3.1.32 

(B)  2.3  mA 
(D)  2.5  mA 


5fil  In  the  voltage  regulator  shown  in  fig.  P3.1.33  the 
power  dissipation  in  the  Zener  diode  is 
iso  n 


50  V 


- Wv - 

K  V2  =  15  V^- 

-)  h2  =  o  L 

\  < 

75  Q 


(A)  1  W 
(C)  2  W 


Fig.  P3.1.33 

(B)  1.5  W 
(D)  0.5  W 


The  Q-point  for  the  Zener  diode  in  fig.  P3.1.34  is 
n  kn 

— WV— 


20  V 


6 


V  =  4  V 

r2  =  o  a 


'  3.6  kn 


Fig.  P3.1.34 

(A)  (0.34  mA,  4  V)  (B)  (0.34  mA,  4.93  V) 

(C)  (0.94  mA,  4  V)  (D)  (0.94  mA,  4.93  V) 

In  the  voltage  regulator  circuit  in  fig.  P3.1.35  the 
power  rating  of  Zener  diode  is  400  mW.  The  value  of  RL 
that  will  establish  maximum  power  in  Zener  diode  is 

222  n 

AA/V 


6 


,  .  ,  V  =  10  V* 
20vl  )  R  =  0  A 


(A)  5  kQ 
(C)  10  kQ 


Fig.  P3.1.35 

(B)  2  kQ 

(D)  8  kQ 


Statement  for  Q.36-38: 

In  the  voltage  regulator  circuit  in  fig.  P3. 1.36-38 
the  Zener  diode  current  is  to  be  limited  to  the  range 
5  <  4  <  100  mA. 

12  n 


6.3  VI 


— m — 

\lz 

K  V2  =  4.8  V^_ 

J  ^-°  L 

\  < 

Fig.  P3. 1.36-38 

573  The  range  of  possible  load  current  is 

(A)  5  <  iL  <  130  mA  (B)  25  <iL<  120  mA 

(C)  10  <iL  <110  mA  (D)  None  of  the  above 

572  The  range  of  possible  load  resistance  is 

(A)  60  <  Rl  <  372  Q  (B)  60  <RL<  200  Q 

(C)  40  <Rl<  192  Q  (D)  40  <RL<  360  Q 

573  The  power  rating  required  for  the  load  resistor  is 

(A)  576  mW  (B)  360  pW 

(C)  480  mW  (D)  75  pW 

573  The  secondary  transformer  voltage  of  the  rectifier 
circuit  shown  in  fig.  P3.1.39  is  vs  =  60  sin  2ji60t  V.  Each 
diode  has  a  cut  in  voltage  of  Vy  =0.6  V.  The  ripple 
voltage  is  to  be  no  more  than  VH  =2  V.  The  value  of 
filter  capacitor  will  be 


(A)  48.8  pF 
(C)  32.2  pF 


(B)  24.4  pF 
(D)  16.1  pF 


^12  The  input  to  full- wave  rectifier  in  fig.  P3.1.40  is 
vt  =  120  sin  2n6()t  V.  The  diode  cutin  voltage  is  0.7  V.  If 
the  output  voltage  cannot  drop  below  100  V,  the 
required  value  of  the  capacitor  is 
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Fig.  P3.1.40 

(A)  61.2  pF  (B)  41.2  pF 

(C)  20.6  pF  (D)  30.6  pF 


Ql  For  the  circuit  shown  in  fig.  P3.1.41  diode  cutin 
voltage  is  Vin  =0.  The  ripple  voltage  is  to  be  no  more 
than  vH  =  4  V.  The  minimum  load  resistance,  that  can 
be  connected  to  the  output  is 

-w 

/+N 

75sin  27i60£  V 


(A)  6.25  kQ 
(C)  30  kQ 


Fig.  P3.1.41 

(B)  12.50  kQ 


(D)  None  of  the  above 


SOLUTIONS 

1.  (D)  Diode  is  off  for  ».  <5  V.  Hence  va  =5  V. 

For  vt  >5  V,  v0  =v(,  Therefore  (D)  is  correct  option. 

2.  (C)  Diode  will  be  off  if  vt  +  2  >0.Thus  v0  =0 
For  vt  +  2  <  0  V,  Vi  <  -  2,  va  =  vt  +  2  =  -3  V 
Thus  (C)  is  correct  option. 

3,  (D)  For  vt  <  4  V  the  diode  is  ON  and  output  va  =4  V. 
For  vt  >4  V  diode  is  off  and  output  va=i 

Thus  (D)  is  correct  option. 

4,  (C)  During  positive  cycle  when  vs  <  8  V,  both  diode 
are  OFF  v0  =  vs  .  For  vs  >  8  V  ,  va  =  8  V,  D1  is  ON.  During 
negative  cycle  when  Ip  I  <6  V,  both  diode  are  OFF, 
v0  =  vs.  For  |as|  >  6  V,  D2  is  on  v0  =  -6  V.  Therefore  (C)  is 
correct. 


10  10 

5.  (B)  For  D  off  ,  v0  =  20  =  3.33  V. 

20  +  10 

For  vt  <  3.33  +  0.7  =  4.03  V,  va  =  3.33  V 
For  Vi  >  4.03  V  ,  va  =  Vi  -0.7 
For  vt  =  10  V,  va  =  9.3  V 


6.  (C)  Let  v1  be  the  voltage  at  n-terminal  of  diode, 


Vl 


15  x  1 
2  +  1 


V 


For  vt  <  5.7  V,  v0  =  vt 


v1  -15 
2k 


lk 


Vo-Vj 

lk 


=  0 


3v1  +  2va  -2 Vi  =  15 


va=v1+  0.7 

5va  -  2v1  =  15  +  2.1  =  17.9  =>  va  =0.4  vt  +  3.42 


7,  (D)  For  vs  >0,  when  D1  is  OFF,  Current  through  D2  is 

i=  — — ^-=0.465  mA,  va  =  10ki  =  4.65  V 
10  +  10 

va  =  vs  for  0  <  vs  <  4.65  V. 

For  negative  values  of  vs  ,  the  output  is  negative  of 
positive  part.  Thus  (D)  is  correct  option. 


8.  (B)  The  diode  conducts  (zero  resistance)  when  vt  <2.5 
V  and  va  =  vt.  Diode  is  open  (2  MQ  resistance)  when 

vt  >2.5  V  and  v  =2.5  +  ^^  =5  V. 

1  °  3 
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=  50  x  5  (1  +  cos  at)  x  10  3  +  0.5 
=  0.75  +  0.25cos  co t  =0.25(3  +  cos  at)  V 


C  = 


119.3 


2/kV.  2(60)2.5  x  103x  14.4 


=  20.6  |iF 


31.  (D)  The  output  voltage  cannot  exceed  the  positive 
power  supply  voltage  and  cannot  be  lower  than  the 
negative  power  supply  voltage. 

30-9 

32.  (A)  At  regulated  power  supply  is  = - r —  =  1.4  mA  i, 


15k 


will  remain  less  than  1.4  mA. 


41.  (A)  VriD  = 

,p  fRLC 


Rl  = 


75 


fCVHp  60  x  50  x  10  x  4 


=  625  kD 


33.  (D)  vTH  = 


75(50)  50 


=  —  V 


75  +  150  3 

50 

—  >VZ,  RrH  =150  II 75  =50 O 
3 

L  =  —  (  —  -15  |  =  33  mA,  P  =15iz  =0.5  W 
z  50 1  3  J  z 


34.  (A)  vTH  =  3'6(20)  =  4.93  V  >  Vz  , 


11  +  3.6 


Rth=  11  II  3.6  =2.71  kQ,  iz  = 


4.93  -  4 
2.71k 


=  0.34  mA 


.  400m  ..  . 

35.  (B)  iz(max)  =  —  =  40  mA 


10 


•  •  20-10  ._  . 

It  +  i7  = - =  45  mA 

L  z  222 

h(min )  =  45  -  40  =  5  mA,  RL=^=  2  kQ 

5m 


36.  (B)  Current  through  12  Q  resistor  is 
6.3  -  4.8 


i  = 


12 


=  125  mA 


iL  =  i  -  iz  =  125  -  iz  25  <  iL  <  120  mA 


37.  (C)  25  <iL  <120  mA,  iLRL  =4.8  V 


4  8 

25  <  —  <  120  mA 


Rr 


40  <  Rl  <  192  n 


38.  (A)  P,  =i,Vz  =(120m)(4.8)  =576  mV 


39.  (B)  vs  =  60  sin  27r60£  V 

Vmax  =  60  - 1.4  =58.6  V 

C=  Vmax  = - 58,6  - - =24.4  pF 

2 fRVnp  2(60)10  x  103x  2 

40.  (C)  Full  wave  rectifier 
vs=vt=  120  sin  27i60£  V 
Vmax  =  120  -  0.7  =  119.3  V 
Vrip  =119.3-100  =19.3  V 
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Use  VBE(on >  —  0.7  V,  VcE(Sat)  -0.2  V  for  npn 
transistor  if  not  given  in  problem. 

Statement  for  Q.l-4: 

The  common-emitter  current  gain  of  the  transistor 
is  p  =75.  The  voltage  VBE  in  ON  state  is  0.7  V. 


-12  V 


Fig.  P3.3.1 

(A)  1.46  mA,  6.74  kW  (B)  0.987  mA,  3.04  kW 

(C)  1.13  mA„  5.98  kW  (D)  None  of  the  above 

a  vK =? 


(A)  8.4  V  (B)  6.2  V 

(C)  4.1  V  (D)  None  of  the  above 

3  Ic  >  7?c  =? 


+5  V 


(A)  0.987  mA,  3.04  kQ 

(B)  1.013  mA,  2.96  kQ 
(D)  0.946  mA,  4.18  kQ 
(D)  1.057  mA,  3.96  kQ 

3  vc=? 


+5  V 


Fig.  P3.3.4 

(A)  1.49  V  (B)  2.9  V 

(C)  1.78  V  (D)  2.3  V 
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Statement  for  Q.5-6: 

In  the  circuit  of  fig.P3.3.5-6  VB  =  - 1  V 

+3  V 


-3  V 

Fig.  P3.3.5-6 

3p=? 

(A)  103.4 

(B)  135.5 

(C)  134.5 

(D)  102.4 

a  vc*  =? 

(A)  6.4  V 

(B)  4.7  V 

(C)  1.3  V 

(D)  4.2  V 

In  the  circuit  shown  in  fig.  P3.3.7  voltage  VE  =4  V. 

The  value  of  a  and  (3  are  respectively 

+5  V 

2kfi 
VE 


8  kO 

-5  V 
Fig.  P3.3.7 

(A)  0.943,  17.54  (B)  0.914,  17.54 

(C)  0.914,  11.63  (D)  0.914,  11.63 


1^=1  V 

(A)  4  V 

(B)  3  V 

(C)  1  V 

(D)  1.9  V 

[0  VB  =2  V 

(A)  -7  V 

(B)  1.5  V 

(C)  2.6  V 

(D)  None  of  the  above 

Statement  for  Q.ll-12: 


The  transistor  in  circuit  shown  in  fig.  P3. 3. 11-12 
has  (3  =200.  Determine  the  value  of  voltage  V  for  given 
value  of  VBB. 


EH  vBB  =o 

(A)  2.46  V  (B)  1.83  V 

(C)  3.33  V  (D)  4.04  V 


M  vm=iv 

(A)  4.11  V 
(C)  2.46  V 


(B)  1.83  V 
(D)  3.44  V 


33  Vbb=2  V 
(A)  3.18  V 
(C)  0.2  V 


(B)  1.46  V 

(D)  None  of  the  above 


Statement  for  Q.8-10: 

For  the  transistor  in  circuit  shown  in  fig. 
P3.3.8-10,  p=200.  Determine  the  value  of  IE  and  Ic  for 
given  value  of  VB  in  question. 

+6V 


0  VB  =0  V 

(A)  6.43  mA,  2.4  V  (B)  2.18  mA,  3.4  V 

(C)  0  A,  6  V  (D)  None  of  the  above 


Statement  for  Q.14-16: 

The  transistor  shown  in  the  circuit  of  fig. 
P3. 3. 14-16  has  p  =  150.  Determine  V.  for  given  value  of 
Ia  in  question. 

+5  V 


^3  IQ  =  0.1  mA 

(A)  1.4  V  (B)  4.5  V 

(C)  3.2  V  (D)  None  of  the  above 
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flil  IQ  =0.5  mA 

(A)  3.16  V 
(C)  2.14  V 

^3  Iq  =  2  mA 
(A)  4.9  V 
(C)  0.5  V 


(B)  2.52  V 
(D)  3.94V 

(B)  -4.9  V 
(D)  -0.5  V 


For  the  circuit  in  fig.  P3.3.17  VB  =  Vc  and  (5  =50.  The 
value  of  VB  is 


Fig.  P3.317 

(A)  0.9  V  (B)  1.19  V 

(C)  2.14  V  (D)  1.84  V 


fEl  For  the  circuit  shown  in  fig.  P3.3.18,  VCB  =0.5  V  and 

B  =  100.  The  value  of  IQ  is 

Q  +5  v 


-5  V 

Fig.  P3.3.18 

(B)  0.909  mA 

(D)  None  of  the  above 


(A)  1.68  mA 
(C)  0.134  mA 


For  the  circuit  shown  in  fig.  P3.3.19  the  emitter 

voltage  is  VE  =2  V.  The  value  of  a  is 

+10  v 


(A)  0.991  (B)  0.939 

(C)  0.968  (D)  0.914 

ETil  For  the  transistor  in  fig.  P3.3.20  ,  p  =  50.  The  value 
of  voltage  VEC  is 


+9  V 


(A)  3.13  V  (B)  4.24  V 

(C)  5.18  V  (D)  6.07  V 

In  the  circuit  shown  in  fig.  P3.3.21  if  p  =  50,  the 
power  dissipated  in  the  transistor  is 


+9  V 


(A)  3.87  mW  (B)  10.46  mW 

(C)  7.49  mW  (D)  18.74  mW 

^3  For  the  circuit  shown  in  fig.  P3.3.22  the  Q-point  is 
VCEq  =12  V  and  ICQ=  2  A  when  p  =  60.  The  value  of 
resistor  Rc  and  RB  are 

+24  V 


Fig.  P3.3.22 

(A)  10  kQ,  241  kQ  (B)  10  kQ,  699  kQ 

(C)  6  kQ,  699  kQ  (D)  6  kQ,  241  kQ 
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For  the  transistor  in  the  circuit  of  fig.  P3.3.29, 
P  =  100.  The  voltage  VB  is 


+10  v 


Fig.  P3.3.29 

(A)  3.6  V  (B)  4.29  V 

(C)  3.9  V  (D)  4.69  V 

The  current  gain  of  the  transistor  shown  in  the 
circuit  of  fig.  P3.3.30  is  p  =  125.  The  Q-point  values 

(I CQ  )  ^CEq)  are 


+24  V 


Fig.  P3.3.30 

(A)  (0.418  mA,  20.4  V)  (B)  (0.915  mA,  14.8  V) 

(C)  (0 .915  mA,  1623  V)  (D)  (0.418  mA,  18.43  V) 

For  the  circuit  shown  in  fig.  P3.3.31,  let  p  =  75.  The 
Q-point  (ICQ  ,  VCEQ)  is 

+24  V 


Fig.  P3.3.31 

(A)  (4.68  mA,  16.46  V)  (B)  (3.12  mA,  1.86  V) 

(C)  (3.12  mA,  8.46  V)  (D)  (4.68  mA ,  522  V) 


^3  The  current  gain  of  the  transistor  shown  in  the 
circuit  of  fig.P3.3.32  is  p  =  100.  The  values  of  Q-point 

U CQ  >  VcEq) 


+5  V 


-5  V 

Fig.  P3.3.32 


(A)  (1.8  mA,  2.1  V)  (B)  (1.4  mA,  2.3  V) 

(C)  (1.4mA,  1.8  V)  (D)  (1.8  mA,  1.4  V) 


5^1  For  the  circuit  in  fig.  P3.3.33,  let  p  =  60.  The  value  of 


-5  V  -10  V 
Fig.P3.3.33 


(A)  2.68  V  (B)  4.94  V 

(C)  3.73  V  (D)  5.69  V 


£71  In  the  circuit  of  fig.  P3.3.34  Zener  voltage  is  Vz  =5 
V  and  p  =  100.  The  value  of  ICQ  and  VCEQ  are 

+12  V 


500  Cl 


Fig.  P3.3.34 


(A)  12.47  mA,  4.3  V 
(C)  10.43  A,  5.7  V 


(B)  12.47  mA,  5.7  V 
(D)  10.43  A,  4.3  V 
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The  two  transistor  in  fig.  P3.2.35  are  identical.  If 
P=25,  the  current  IC2  is 


25  (aA| 


(A)  28  pA 
(C)  26  pA 


Fig.  P3.2.35 

(B)  23.2  (iA 

(D)  24  gA 


5731  In  the  shunt  regulator  of  fig.  P3.2.26,  the  Vz  =  8.2  V 
and  VBE  =0.7  V.  The  regulated  output  voltage  V0  is 


120  Q 


(A)  11.8  V  (B)  7.5  V 

(C)  12.5  V  (D)  8.9  V 

571  In  the  series  voltage  regulator  circuit  of  fig.  P3.2.37 
VBE  =0.7  V,  P  =50,  Vz  =  8.3  V.  The  output  voltage  V0  is 


(A)  25  V  (B)  25.7  V 

(C)  15  V  (D)  15.7  V 


5751  In  the  regulator  circuit  of  fig.  P3.2.38  Vz  =  12  V, 
P=50,  VBE  =0.7  V.  The  Zener  current  is 


(A)  36.63  mA  (B)  36.17  mA 

(C)  49.32  mA  (D)  49.78  mA 


5731  In  the  bipolar  current  source  of  fig.  P3.2.39  the 
diode  voltage  and  transistor  BE  voltage  are  equal.  If 
base  current  is  neglected  then  collector  current  is 


Fig.  P3.2.39 

(A)  6.43  mA  (B)  2.13  mA 

(C)  1.48  mA  (D)  9.19  mA 


^T1  In  the  current  mirror  circuit  of  fig.  P3.2.40.  the 
transistor  parameters  are  VBE  =0.7  V,  p=50  and  the 
Early  voltage  is  infinite.  Assume  transistor  are 
matched.  The  output  current  Ia  is 


1  mA 


+5  V 

o 

© 


b 


(A)  1.04  mA 
(C)  962  pA 


Fig.  P3.2.40 

(B)  1.68  mA 

(D)  432  pA 


All  transistor  in  the  N  output  mirror  in  fig.  P3.2.41 
are  matched  with  a  finite  gain  p  and  early  voltage 
VA  =  oo.  The  expression  for  each  load  current  is 


v* 


Fig.  P32.41 
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(A) 


(C) 


ref 


1  + 


(1  +  N) 

p(P  +  l) 

P4r 


1  + 


(1  +  AO 

(P  +  D 


(B) 


(D) 


'-ref 


N 


(p+D 

P  I  ref 

N 

+  P  +  1 


Consider  the  basic  three  transistor  current  source  in 
fig.  P3.2.42.  Assume  all  transistor  are  matched  with 
finite  gain  and  early  voltage  VA  =  °o.  The  expression  for 
7„  is 


-R’ 


If 


(A) 


(C) 


L  ref 


1  + 


(1  +  p) 

Iref 


1  + 


P(l  +  P) 


l 

V 

Fig.  P3.2.42 
(B) 


(D) 


'ref 


1  + 


(2  +  p) 


1 

P(2  +  P) 


Consider  the  wilder  current  source  of  fig.  P3.2.43. 
Both  of  transistor  are  identical  and  P  » 1  and  VBEl  =0.7 
V.  The  value  of  resistance  R,  and  RE  to  produce  I n  f  =  1 
mA  and  Ia  =  12  pA  is  (Vt  =0.026) 

+5  V 


ref 


«■> 


5 

-5  V 

Fig.  P3.2.43 

(A)  9.3  kQ,  18.23  kQ  (B)  9.3  kQ  ,  9.58  kQ 

(C)  15.4  kQ  ,  16.2  kQ  (D)  15.4  kQ  ,  32.4  kQ 


SOLUTIONS 


i.  (C)  i E  = 


12  -0.7 
10k 


IE  =  1.13  mA 


4  = 


75 


1.13)  =  1.12  mA 


75  +  1, 

VCE  =  12  - 1.13  x  10  - 1.12 Rc  -(-12)  =  6  V 
Rc  =5.98  kQ 

2.  (C)  8  =  10  x  (75  +  1)1  B  +  0.7  +  101 B  -  2 
9.3 


/»=- 


=  12.08  pA, 


10  +  760 

Ic  =p IB  =0.906  mA,  IE  =(p  +  1)IB  =0.918  mA 
8  =  10(0.918)  +  VEC  +  3(0.906)  -  8 


=>  VEC=  4.1V 


3.  (A)  Ir  = 


75 

75  +  1 


75 

IE  =  —  (lm)  =0.987  mA 


76 


Rr  = 


52 
0.987m 


=  3.04  kQ 


4.  (A)  5  =(1  +  p)10k IB  +  20k IB  +  0.7  +  p2k/fl 
5  =(760k  +  20k  +  150k)7B  +  0.7 
=>  IB  =  4.62  pA, 

Ic  =p/B  =0.347  mA 

Vc  =  5  -  (p  +  1)1  bRc  =  5  -  760  x  4.62  x  10“3  =  1.49  V 


5.  (C)  Vg=-IgRg 


y  B 

=>  I 

B  Rb 


500k 


VE  =-1-0.7  =-1.7  V 


4  = 


VE  -(-3)  _  -L7  +  3 
4.8k  4.8k 

0271m 


=  2.0  pA 


=  0.271  mA 


^=(P+1)  = 


2p 


=>  p  =  134.5 

6.  (B)  VCE  =  3  -  VE  =  3  -(-1.7)  =  4.7  V 

7.  (C)  7,  =  —  =0.5  mA 

E  2k 

4  =0.7  +  IbRb  +  ICRC  —5,  I c  «  7 E  , 

8.3  =  1007b  +  0.5  x  8 
=>  IB  =  43  pA  , 

^  =  1  +  P  =  2^E  =  n.63 


43p 
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P  =  10.63,  a  =  — - - >  a  =0.914 

1  +  P 


8.  (C)  Vb  =0  Transistor  is  in  cut-off  region. 

4=0,  Vc=6  V 

9.  (B)  y„=lV,  IE  =i^^=0.3  mA 

lk 

Ic  aIE  =0.3  mA 

Vc  =  6  -  ICRC  =  6  -  (0.3)(10)  =  3  V 

10.  (B)  Vb=2V,Ie=  =  1.3  mA, 

Ic  ~IE  =  1.3  mA 
Vc  =6 -(1.3X10)  =-7  V 

Transistor  is  in  saturation.  The  saturation  voltage 
Vce=02  V 

VE  =(1.3)(1)  =  1.3  V  ,  Vc  =  VCE  +  V£  =  1.5  V 


11.  (C)  VBB  =  0,  Transistor  is  in  cutoff  region 


V  =- 


R, 


Rc  +  Rl 


vcc  =^1  +  5  =3.33  V 

cc  1Q 


V0=VCE(sat)-VBE  =02-0.7  =-0.5  V 


17.  (B )If  =  Vb  0-7 


h  = 


'  P  ^ 

P+1 


lk 

■IS) 


(VB  -0.7)  mA 


/„=  — ^  mA,  Vc=Vi 


10 


—  (VB  -0.7)= - 

51  B  10 


C  ~  v  B 
6  -  Vo 


B 


10.8  VB  =12.86,  VB  =1.19  V 

18.  (B)  VCB  =0.5  V  ,  Vc  =0.5  V 

I  =  5-05  9  =  fMl0.9  =0.909  mA 

c  5k  e  U00j 


19.  (C)  7,  =  10  Ve  =0.8  mA 
E  10k 


VB=VE  -  0.7  =  1.3  V 
=  J^.=_13_  =26  A 
B  7?fi  50k 


1-07 

12.  (B)  IB  =  — —  =6gA 

s  50k 

7C  =p/B  =75  x  6|a  =0.45  mA 
5k  c  107; 

(1  -0.45)  =  —  +  — ,  V  =  1.83  V 

5  10 

13.  (C)  /„  =^^=26  gA 

s  50k 

Ic  =  p  IB  =  75  x  26  gA  =1.95  mA 

Vc  =5  -ICRC  =5  -5  x  1.95  =-4.75  V 

Transistor  is  in  saturation,  VCE  =02  V  =  Vc  =  Vu 


0.8m 

26g 


=  30.77 


a  = 


P 

P+1 


29.77 

30.77 


=  0.968 


P  =  29.77 


20.  (D)  If,  =(  — f3 — 1  =  —  mA  =0.98  mA 
c  [p+1  E)  51 

VC=ICRC  -9  =(0.98)(4.7)  -9  =- 4.394  V 

I„  =  — — —  =  —  mA  =  19.6  liA 

B  (p  +  1)  51 

V£  =IbRb  +  VEB  =50(0.0196)  +  0.7  =  1.68  V 
VEC  =  1.68  -(-4.394)  =  6.074  V 


14.  (B)  IE  =0.1  mA 

Ic  =— 2—  /_  =  —  (0.1)  =0.099  mA 
c  (p  +  1)  E  151 


21.  (A)  Ic  = 


50 

51 


(0.5)  =0.49  mA 


V0  =  5  -  RCIC  =  5  -  5(0.099)  =  4.50  V 


15.  (B)  IE  =IQ  =0.5  mA 
Ic  150  I  (0.5m)  =0.497  mA 

c  Uso  +  iJ 

V0=5-7?c/c=2.517  V 


/_  =  —  =9.8  [iA 
B  51 

V£  =IbRb  +  VEB  =(0.0098X50)  +  0.7  =  1.19  V 
Vc  =  ICRC  -  9  =(0.49X4.7) -9  =-6.7  V 
VBC  =  1.19  -(-6.7)  =7.89  V 
■fg  =^c^ec  +  W, 

=  (0.49X7.89) +(0.0098X0.7)  mW  =3.87  mW 
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VTH=\  R?-  Wcc  =  {  15  1(10)  =  429  V 

TH  {R1+R2)cc  20  +  15/ 

10  =IE(  lk)  +  VEB  +  (8.57k)  +  429 

(3  +  1 

10  =IE  +  0.7  +  (8.57k)  +  429 

E  101 

=>  IE=  4.62  MA 

/„  =  — =  0.046  mA 

B  p+1 

VB  =(8.57X0.046)  +  429  =4.69  V 
30.  (B)  R1  =58  kQ,  R2  =  42  kQ 

+24  V 


Rth  =58  1142  =24.36  kQ 

VTH  =(  42  1(24)  =  10.1  V 
TH  ^42+58/ 

10.1  =/BQ(24.36k)  +  VBE  +  (p  +  l)/BQ(10k) 
10.1-0.7  =  /B(?(24.36k  +  1260  k) 

Ibq  =7.32  pA 

I  cq  =P Ibq  =0.915  mA 
IEQ  =(P  +  1  )Im  =0.922  mA 
VCEQ  =24  -(0.922X10)  =14.8  V 

31.  (D)  R1  =25  kQ,  R2  =8  kQ 


+24  V 


Rti,  =25118  =  6.06  kQ,  VTH  =|^^-^j(24)  =5.82  V 
5.82  =(6.06k)(/BQ)  +  VBE  +  (p  +  1)/B(lk) 


5.82  -0.7  =(6.06k  +  76k)/BQ 
=>  IBQ  =  62.4  (+A 

Ieq  =  (P  +  1)  Ibq  =  4.74  mA 

icq  =P4e  =4-68  “A 

Vceq  =  24  —  ICqRc  —  IEqRe 
=  24  -(4.68X3)  -(4.74X1)  =522  V 

32.  (B)  R1  =12  kQ,  R2  =2  kQ 
Rth  =R1\\R2  =12  112  =1.71  kQ 

V-=(l^2)10)“5=-3-57V 


+5  V 


-3.57  =/BQ(1.71k)  +  VBE  +  (p  +  l)/BQ(0.5k)  -5 
5  -  3.57  -0.7  =(1.71  +  50.5)Ibq 

— ^  I  bq  =  pA 

IEQ  =(100  +  1)1  m  =1.412  mA 
Icq  =100/bq  =14  mA 
^CEQ  =  5  —  RcIcq  —  REIEq  +  5 
=  5  -(5X1.4)  -(0.5X1.412)  +  5  =  2.3  V 

33.  (B)  Rth  =20  II 10  =  6.67  kQ 
VTH  =  f  20  lio  -  5  =  1.67  V 

TH  U0+20J 


+10  v 


10  =(1  +  p)/BQ(2)  +  VEB  +  Ibq{6.67)  +  1.67 
10-1.67  -0.7  =/bq(6.6 7  +  122) 
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41.  (A)  Iref  —ICR  +  IBS  —ICR 


1  +  P 


^ES  —  ^BR  +  I  m  +  I B2  + . ^Bi 

I  art  =  I  rt:  >  Icr  ~  I  a  =  I0i 

(1  +  N)Icr 


I ER  “(I  +  N)Ir r  -- 


P 


Then  7  =7  +  - ES  -7  (1  +  AO  I cn 

men  -iCR  +  n  i  iCR 


P+1 


P(P+1) 


=  Ioi\  1  + 


7  „  = 


(1  +  AO 

p(p  +  l) 

Lef 


(1  +  N) 

P(P  +  1) 


42.  (C)  Iref  —  7C1  +  IB3  ,  Im  -IB2  ,  1  e?,  ~ 


Fig.  S3. 2.42 


Ie3  -d  +  P)la 


I  ref  ~  I  Cl 


27fi 


(1  +  P) 

I  Cl  =  I C2  ~  P^B2 

27 


E3  _  T  ,  B2 

~  1  Cl 


(1  +  P) 


Iref  ~Ic2 


I C2  =  I o  = 


P(1  +  P) 

7 


02  -/c»|l  + 


P(1  +  P) 


ref 


pci  +  p) 


A  A  =  V,  In 


D  0.026  , 

A  ,  = - =  In 

in..  i  n-6 


12  x  10“ 


lx  10  d 
12  x  10 


=  9.58  kQ 


A  = 


V+-VBE1-V-  5 -7 -(-5) 


1  ref 


lm 


=  9.3  kQ 


43.  (B)  If  p  » 1  and  transistor  are  identical 


1  ref 


I  Cl  ~Ise  '  >  I0  ~Ic2  ~Is 


Vbei=V,  In 


ref 

\Is  J 


,vBE2=vM^ 


vbe1-vBE2=vm\^l 


O  J 


From  the  circuit, 

VbEI  -  VbE2  =  I E'/Hr  ~  lo^E 
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Statement  for  Q.l-3: 

In  the  circuit  shown  in  fig.  P3.3.1-3  the  transistor 
parameters  are  as  follows: 

Threshold  voltage  VTN  -  2  V 

Conduction  parameter  Kn  =0.5  mA  /  V2 


32  kn 


18  kn 


4  kn 


2kn 


Fig.  P3.3.1-3 


Statement  for  Q.4-6: 

In  the  circuit  shown  in  fig.  P3.3.4-6  the  transistor 
parameter  are  as  follows: 


W 

VTN  =  2  V,  k'n  =  60  pA  /  V2,  —  =  60 

L 


14  kn 


6kn 


1.2  kn 


0.5  kn 


Fig.  P3.3.4-6 


a  vGS  =? 

3  Vos  =? 

(A)  2.05  V 

(B)  6.43  V 

(A)  -3.62  V 

(B)  3.62  V 

(C)  4.86  V 

(D)  3.91  V 

(C)  -0.74  V 

(D)  0.74  V 

H/n=? 

(A)  1.863  mA 

(B)  1.485  mA 

(A)  13.5  mA 

(B)  10  mA 

(C)  0.775  mA 

(D)  None  of  the  above 

(C)  19.24  mA 

(D)  4.76  mA 

U  VDS  =? 

3  Vns  =? 

(A)  4.59  V 

(B)  3.43  V 

(A)  2.95  V 

(B)  11.9  V 

(C)  5.35  V 

(D)  6.48  V 

(C)  3  V 

(D)  12.7  V 
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Ifl  The  parameter  of  the  transistor  in  fig.  P3.3.16  are 
VTN  =  1.2  V,  Kn  =  0.5  mA  /  V2  and  X  =0.  The  voltage  VDS 


(A)  1.69  V  (B)  1.52  V 

(C)  1.84  V  (D)  0 

EH  The  parameter  of  the  transistor  in  fig.  P3.3.17  are 
VTN  =0.6  V  and  Kn  =0.2  mA  /  V2.  The  voltage  Vs  is 


fd  In  the  circuit  of  fig.  P.3.3.19  the  PMOS  transistor 
has  parameter  VTP  =  -1.5  V,  k  =25  pA  /  V2,  L  =  4  pm 
and  X  =  0.  If  ID  =  0.1  mA  and  VSD  =  2.5  V,  then  value  of  W 
will  be 

+9  V 


(A)  15  pm 
(C)  32  pm 


Fig.  P3.3.19 


(B)  1.6  pm 
(D)  3.2  pm 


^3  The  PMOS  transistor  in  fig.  P3.3.20  has  parameters 


+9  V 


Fig.  P3.3.17 


VTP  =  -1.2  V,  J-  =  20,  and  k'p  =  30  pA  /  V2. 


+5V 


(A)  1.72  V  (B)  -1.72  V 

(C)  7.28  V  (D)  -7.28  V 

^  In  the  circuit  of  fig.  P3.3.18  the  transistor 
parameters  are  VTN  =  1.7  V  and  Kn  =0.4  mA  /  V2. 

+5  V 

rd 


Rs 

-5  V 

Fig.  P3.3.18 


If  ID  =0.8  mA  and  VD  =  1  V,  then  value  of  resistor 


Fig.  P3.3.20 


If  Id=0.5  mA  and  VD  =-3  V,  then  value  of  Rs 
and  Rd  are 

(A)  4  kQ,  5.8  kQ  (B)  4  kQ,  5  kQ 

(C)  5.8  kQ,  4  kQ  (D)  5  kQ,  4  kQ 


2!  The  parameters  for  the  transistor  in  circuit  of  fig. 
P3.3.21  are  VTN  =  2  V  and  Kn  =0.2  mA  /  V2.  The  power 
dissipated  in  the  transistor  is 

+10  v 


10  kn 


Rs  and  RD  are  respectively 

(A)  2.36  kQ,  5  kQ  (B)  5  kQ,  2.36  kQ 

(C)  6.43  kQ,  8.4  kQ  (D)  8.4  kQ,  6.43  kQ 


(A)  5.84  mW 
(C)  0.26  mW 
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(B)  2.34  mW 
(D)  58.4  mW 
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Statement  for  Q.22-23: 

Consider  the  circuit  shown  in  fig.  P3. 2. 22-33. 

+5  V 


I — IpV 

Pi 


M0 


Fig.  P3.3.22-23 

The  both  transistor  have  parameter  as  follows 
VTN  =0.8  V,  k'n  =30  pA  /  V2 

If  the  width-to-length  ratios  of  M1  and  M2  are 


IHf1- 


The  output  VQ  is 

(A)  -2.5  V  (B)  2.5  V 

(C)  5  V  (D)  0  V 


23.  If  the  ratio  is  | =40  andj^-^-  J  =  15,  then  VB  is 


(A)  2.91  V 
(C)  3.41  V 


(B)  2.09  V 
(D)  1.59  V 


In  the  circuit  of  fig.  P3.324.  the  transistor 
parameters  are  VTN  =  1 V  and  k'n  =  36  pA  /  V2.  If  ID  =  0.5 
mA,  Vj=5  V  and  V2  =2  V  then  the  width  to-length 
ratio  required  in  each  transistor  is 

+5  V 


oV, 


P-kf  The  transistors  in  the  circuit  of  fig.  P3.3.25  have 
parameter  VTN  =0.8  V,  k'n  =  40  pA  /  V2  and  X  =0.  The 
width-to-length  ratio  of  M2  is  (j;),,  =1.  If  Va  =0.10  V 
when  V/  =  5  V,  then  for  M1  is 

+5  V 


(A)  47.5 
(C)  40.5 


(B)  28.4 
(D)  20.3 


Statement  for  Q.26-27: 

All  transistors  in  the  circuit  in  fig.  P3. 3. 26-27 
have  parameter  VTN  =1  V  and  /.  =  0. 

+5  V 


The  conduction  parameter  are  as  follows: 
Knl  =400  pA/ V2 
Kn2  =200  pA/ V2 
A„3=100  pA/V2 
Kni  =80  pA/V2 


Fig.  P3.3.24 

<>• 

II 

1 

(a. 

ia 

(A)  0.23  mA 

(B)  0.62  mA 

(C)  0.46  mA 

(D)  0.31  mA 

(A) 

1.75 

6.94 

27.8 

M  h  4  =? 

(B) 

4.93 

10.56 

50.43 

(A)  0.62  mA 

(B)  0.31  mA 

(C) 

35.5 

22.4 

8.53 

(C)  0.46  mA 

(D)  0.92  mA 

(D) 

56.4 

38.21 

12.56 
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^3  For  the  circuit  in  fig.  P3.3.28  the  transistor 
parameter  are  VTN  =  0.8  V  and  k'n  =  30  pA  /  V2.  If  output 
voltage  is  Va  =0.1  V,  when  input  voltage  is  Vj  =  42  V, 
the  required  transistor  width-to  length  ratio  is 

+5  V 


(A)  1.568 
(C)  0.731 


(B)  0.986 
(D)  1.843 


33  For  the  transistor  in  fig.  P3.3.29  parameters  are 
VTN  =  1 V  and  Kn  =  12.5  pA  /  V2.  The  Q-point  (I D  ,  VDS)  is 

+10  v 


*20kn 


■iokn 


H 


Fig.  P3.3.29. 


(A)  (1  mA,  8  V) 

(C)  (1.17  mA,  8  V) 


(B)  (0.2  mA,  4  V) 
(D)  (0.23  mA,  3.1V) 


33  For  an  ^.-channel  JFET,  the  parameters  are  IDSS  =  6 
mA  and  VP  =  -3V.If  VDS  >  VDS(sat)  and  VGS  =  -2  V,  then 


is 


(A)  16.67  mA 
(C)  5.55  mA 


(B)  0.67  mA 
(D)  1.67  mA 


UI  For  the  circuit  in  fig.  P3.3.32  the  transistor 
parameters  are  V  =-  3.5  V,  IDSS  =  18  mA,  and  /.  =0.  The 
value  of  Vnq  is 


+15  V 


(A)  7.43  V 
(C)  -1.17  V 


(B)  8.6  V 
(D)  1.17  V 


A  p-channel  JFET  biased  in  the  saturation  region 
with  VSD  =  5  V  has  a  drain  current  of  ID  =  2.8  mA,  and 
I ,,  =0.3  mA  at  Vas  =  3  V.  The  value  of  IDSS  is 


(A)  10  mA 
(C)  7  mA 


(B)  5  mA 
(D)  2  mA 


Statement  for  Q.33-34: 

For  the  p-channel  transistor  in  the  circuit  of  fig. 
P3. 3. 33-34  the  parameters  are  IDSS  =  6  mA,  VP  =  4  V 
and  >.  =  0. 


lkn 


'  0.4  kn 

-5  V 

Fig.  P3.3.33-34 


sEl  The  value  of  IDQ  is 
(A)  8.86  mA 
(C)  4.32  mA 


The  value  of  VSD  is 


(A)  -4.28  V 
(C)  4.28  V 


(B)  6.39  mA 
(D)  1.81  mA 

(B)  2.47  V 
(D)  2.19  V 


33  The  transistor  in  the  circuit  of  fig.  P3.3.35  has 
parameters  IDSS  =  8  mA  and  VP  =  -4  V.  The  value  of  VnsQ 
is 

+20  V 

, 2 


140  kn, 


60  kn, 


‘  2.7  kn 


■2kn 


(A)  2.7  V 
(C)  -1.30  V 


Fig.  P3.3.35 

(B)  2.85  V 
(D)  1.30  V 
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1.  (A)  R1  =  32  kQ,  R2  =  18  kQ,  VDD  =  10  V 

18 


VG=I  Ri 


R1  +  R2 


Vnn  = 


18  +  32 


10  =  3.6  V 


Assume  that  transistor  in  saturation  region 

/  =Ys_  _VG~VGS  _  K  (y  _y  )2 

1  n  —  IYn^VGS  "  TN ' 


Re 


7?c 


Rs  =  2  kQ,  Kn  =0.5  mA  /  V2 
3.6  -VGg  =  (2)(0.5)(VGg  -0.8)2 


^gs  -2.05  V 


o  //~i\  r  VG  -  VCg  3.6-2.05  AP7r7c  * 

2.  (C)  In  =  — 5 - GS  =  - =0.775  mA 

7?g  2k 


3.  (C)  Vpg  -  Vpc  -  Id(Rd  +  Rs ) 

=  10  -0.775(4 +2)  =5.35  V 

VoS(sat)  =  VGg  -  =(2.05  -0.8)  =  1.25  V 

Vjxs  >  VDSisat)  as  assumed. 


4.  (B)  R1  =  14  kQ,  7?2  =  6  kQ,  Rs  =0.5  kQ,  RD  =  1.2  kQ 


VG  = 


R, 


R1  +  R2 


20)  - 10  = 


14  +  6 


20) -10= -4  V 


Assume  transistor  in  saturation 


Vg-(-lO)  V0  -  VGS  +  10 


Rs 


R„ 


=  KJVgs-Vtn) 


=  KW=(  60X60x10^-) 

2  L  2 

=>  -  4  -  VGS  +  10  =(0.5)(1.8)(VGS  -2)2 

=>  VGg  =3.62,  -0.74  V,  VGg  will  be  positive. 


10  -(4.67  +  VgG)  =(0.5)(l)(VGg) 

=>  VSG  =  3.77  V,  - 1.77  V,  VSG  is  positive  voltage. 


8.  (A)  ID  = 


10  -  Vo  10  -(VG  +  VGS) 


7?o 


10  -(4.67  +  3.77) 
0.5 


Rf, 


=  3.12  mA 


9.  (C)  10  =Id(Rs  +  Rd)  +  VSD  - 10 

VSD  =  20  -  ID  (Rs  +  Rd)=  20  -2.12(2  +0.5)  =  122  V 

10.  (C)  Assume  transistor  in  saturation. 

ID  =0.4  mA,  0.4  =Kp(Vgs  +  VTP )2 

0.4  =  (02)(VgG  -0.8)2  =>  VSG=V2 +0.8=221  V 
Vo=0,  VgG=Vg-VG  =  Vg 

11.  (A)  VD  =IdRd  -5  =  (0.4)(5)  -5  =-3  V 
VSD=VS-VD  =2.21 -(-3)  =5.21  V 

12.  (C)  Rl  =  14.5  kQ,  R2  =5.5  kQ, 

Rs  =0.6  kQ,  Rd  =0.8  kQ, 

VG=[— ^ —  1(10) -5  ={ - — - |(  10)  - 5  =-225  V 

0  {R1+R2J  V  14.5  +  5.5  / 

Assume  transistor  in  saturation. 

=Kn(VGS  ~VTNf 

Ks 

vs=vG-vGS 

-225  -  VGg  +  5  =(0.6)(0.5)  (VGS  -(-l))2 

=>  VGS  =  124,  -  6.58  V 

VGg  is  positive.  Thus  (D)  is  correct  option. 


5.  (D)7n  =  yG  V(!S 


10  -4  -  3.62  +  10 


Re 


0.5k 


=  4.76  mA 


6.  (B)  10  =Id(Rs  +  Rd )  +  Vflg  - 10 
VDS  =20  -  4.76(12  +  0.5)  =  11.9  V 


13  (D)  /  _Vs+5  _Vg-Vgs+5  _  -225  - 124  +  5 
D  Rs  Rs  0.6k 

=  2.52  mA,  Therefore  (D)  is  correct  option. 

14.  (B)  5  =ID(RS  +  Rd )  +  Vflg  -5 


^DS(sat)  —  ^GS  VlN  -  3.62  2  - 1.62  V 

VDS  =11.9  V  >VDS(sat)  ,  Assumption  is  correct. 

7.  (B)  R1=8  kQ,  Rl  =22  kQ,  Rs  =0.5  kQ,  RD  =2  kQ 

V°{r^ ]t}20)-10=(^)20>-10  =  4-67V 

Assume  transistor  in  saturation 
7  _  12  Z Ya  -k  ty  ,  y  \2 

1D  D  JxpxvSG+vTPX 

Ks 

vs=vG  +  vSG 

www.g 


Vflg  =  10  -  ID{ Rg  +  Rd)  =  10  -  2.52(0.8  +  0.6)  =  6.47  V 
^ns(sat)  =  ^gs  ~  ^Tii  =  1-24  -(-1)  =2.24 
Vds  >  VGg(s„,j  Assumption  is  correct. 

15.  (B)  Is  =50  pA  =7fl  ,In  =Kn(VGS  -  VTN )2 

=>  50  x  10‘6  =0.5  x  10~3(VGg  - 12)2  =>  VGg  =  1.516  V, 

VG=0,  Vg  =VG-VGS  =-1.516  V 
vflg  =  VD  -  Vg  =  5  -  (-1.516)  =  6.516  V 

16.  (B)  ID  =50p  =Kn(VGS  -  VTN)2 

=>  50  x  10‘6  =0.5  x  10“3(  Vgs  "  1-2)2 
p.com 
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4s  -  1-52  V,  4s  -  VDS 

17.  (B )Id=K,,(Vgs-Vtn)2 

=>  025=02(VGg -0.6)2  =>  VGS  =  1.72  V, 

Vgs=Vg-Vs,  Vg=0,  Vs  =  -1.72  V 

18.  (A)  7fl=5^^=0.8  mA,  i?D=|^=5kQ 


Rn 


0.8m 


h=KjvGS-vTNr 
=>  0.8  =  (0.4)(VGS  -1.7)2  = 
Vgs=Vg-Vs,  Vg=0,  Vs= -3.11V 
-3.11 -(-5) 


V«s  =  3.11V 


ID  =0.8  mA  = 


Rs 


Rs  =2.36  kQ 


K  W 


19.  (C)  VSD  =  VSG,  ID  =  'fR-(VGS  +  vTPr 

=>  W  =  32  pm 


f25l 

(W) 

U  J 

{  4.) 

20.  (D)  Kp  =  ^  30  x210  6  j(20)  =  0.3  mA  /  V2 

Id=Kp(Vsg  +  Vtp?  =>  0.5  =  0.3(VgG  - 12)2 
=>  VSG=2.49  V,  VG=0 

VS=VSG=2.49  V 


r  _  5  -  Vs 

D  4 


p;  _9  AQ 

=>  =—  =  5.02  kQ 

0.5m 

-3  +  5 


I  v°  (  5)  =^+TT  =  4kQ 

Rd  0.5m 


21.  (B)  Assume  transistor  in  saturation 

Id=^TL=K^Vgs-Vtn? 

10k 

10-VGg  =  (10)(02)(VGg  -2)2 

=>  VGg  =3.77  V,  -027  V,  VGg  will  be  3.77  V 

4s  =  4s  =3.77  V 

r  10-3.77  AGOO  . 

In  = - =0.623  mA 

D  10k 

Power  =IDVDS  =2.35  mW 

VDg  >  4s  -  VTN  assumption  is  correct. 

22.  (B)  For  both  transistor  VDS  =VGS, 

VDS  >  VGS  -  VTN  Therefore  both  transistor  are  in 
saturation. 

4,  =Im  =>  ^nl(VGS1  -  VTN1f  =Kn2(VGS2  -  VTN2r 
R nl  ~  R n  2  >  4w  1  =  4^2 

K 

V  =V  =—  V 

v  GS1  VGS2  g  V 


V0=VGg2=2.5  V 


23.  (A)^j  >00  thus  VGS1  <  VGg2 

40(VGS1  -0.8)2  =15(VGS2  -0.8)2 
4s2  =  5  -  VGgl 

1.63(VGS1  -  0.8)  =  (5  -  VGS1  -0.8) 

VGgl  =2.09,  VGg2  =2.91  V,  V„  =  VGS2  =2.91  V 

24.  (A)  Each  transistor  is  biased  in  saturation  because 


|  '  =27.8 


4s  =  4s 

and  VDg  >  VGS  VTN 

For  M3  , 

4  =  2  V  = 

4s  3 

f  36  x  10'3 

Yw),„  ,s2 

1D  =0.5  = 

<2  -  1) 

l  2 

A  L  73 

For  M2 

482=4 

1 

II 

C n 

1 

CO 

II 

f  36  X  10'3 

YffVn 

-r  ^  - 

4  =V5  = 

—  (3-D2 

W 


For  M1  ,  VGS1  =10  -  V1  =10  -5  =5  V 
In  =0.5  =(—  x  10~5T  —  1  (5  - 1)2  =>  (—  1=1.74 


LJi 


25.  (D)  M2  is  in  saturation  because 

4s2  =  4s2  >  4s 2  ~  4w 

M1  is  in  non  saturation  because 

^si=^=5V,  4si=4=0V 
4si  <  4si  —  4iV  ’  4l  =  I D2 

^0  r2iv„„.  -V2 

w 


LJi 


4  |  [2(VGS1  -  V™)Vflgl  -  VGS2 h |  4  |  (VGg2  -  VTN2f 


w_ 

LJi 


[2(5  -  0.8X0.1)  -  (0.1)2  ]  =  (1)(5  -  0.1  -  0.8)2 

=20.3 


LJi 

(0.83)  =  16.81 


W 

L)i 


26.  (B)  Im  =Knl  (VGgl  -  VTNf  =Kn2  (VGS2  -  VTNf 

4si  =  5  -  VGS2  =>  (5  -  VGS2  - 1)  =200  (VGS2  - 1) 

=>  VGg2  =2.76  V,  VGS1  =224  V 
Im  =  400  x  10~6  (224  - 1)2  =0.62  mA 

27.  (B)  VGS2=VGS3=  2.76  V 

4 4  =  R n 4  (VGS4  -  VTN )2  =Kn 3  (VGg3  -  44 

=  100  X  10'6  (2.76  - 1)2  =  0.31  mA 

28.  (C)  VGg  =  42  V,  Vflg  =0.1  V 

45  <  4s  _  Vtn  >  Thus  transistor  is  in  non  saturation. 

r  5-0.1  . 

/„  = - =  0.49  mA 

D  10k 

4  =  f  f  {2  (4s  -  44  4s  -  4s} 
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QJ  If  the  transistor  parameter  are  (3  =  180  and  Early 
voltage  VA  =  140  V  and  it  is  biased  at  ICQ  =  2  mA,  the 
values  of  hybrid-7i  parameter  gm,  rn  and  ra  are 
respectively 

(A)  14  A/V,  2.33  kQ,  90  kQ 

(B)  14  A/V,  90  kQ  ,  2.33  kQ 

(C)  77  mA/V,  2.33  kQ  ,  70  kQ 

(D)  77.2  A/V,  70  kQ,  2.33  kQ 

Statement  for  Q.2-3. 

Consider  the  circuit  of  fig.  P3.4.2— 3.  The  transistor 
parameters  are  (>  =  120  and  VA  =  oo. 


+5  V 


The  hybrid-71  parameter  values  of  gm  ,  rn  and  ra  are 

(A)  24  mA/V,  oo,  5  kQ 

(B)  24  mA/V,  5  kQ  ,  oo 

(C)  48  mA/V,  10  kQ  ,  18.4  kQ 

(D)  48  mA/V,  18.4  kQ,  10  kQ 


3  The  small  signal  votlage  gain  Av  =  va/vs  is 

(A)  -4.38  (B)  4.38 

(C)  -1.88  (D)  1.88 

3  The  nominal  quiescent  collector  current  of  a 
transistor  is  1.2  mA.  If  the  range  ofp  for  this  transistor 
is  80  <  P  <  120  and  if  the  quiescent  collector  current 
changes  by  ±10  percent,  the  range  in  value  for  rn  is 

(A)  1.73  kQ  <rn<  2.59  kQ 

(B)  1.93  kQ  <  rn  <2.59  kQ 

(C)  1.73  kQ  <rK<  2.59  kQ 

(D)  1.56  kQ  <rn<  2.88  kQ 

Statement  for  Q.5-6: 

Consider  the  circuit  in  fig.  P3.4.5.6.  The  transistor 
parameter  are  P  =  100  and  VA  =  oo. 


+  10  v 


3  If  Q-point  is  in  the  center  of  the  load  line  and  ICQ  =0.5 
mA,  the  values  of  VBB  and  Rc  are 
(A)  10  kQ  ,  0.95  V  (B)  10  kQ  ,  1.45  V 

(C)  48  kQ  ,  0.95  V  (D)  48  kQ  ,  1.45  V 
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Statement  for  Q.14-15: 

Consider  the  common  Base  amplifier  shown  in  fig. 
P3. 4. 14-15.  The  parameters  are  gm  =  2  mS  and 
ra  =250  kQ.  Find  the  Thevenin  equivalent  faced  by  load 
resistance  RL  . 

Thevenin  equivalent 


Fig.  P3.4. 14-15 


^  The  Thevenin  voltage 

V  rpjj  IS 

(A)  263u, 

(B)  132a, 

(C)  346u, 

(D)  498ir 

nil  The  Thevenin  equivalent  resistance  RTH  is 

(A)  384  kQ 

(B)  697  kQ 

(C)  408  kQ 

(D)  915  kQ 

fHI  For  an  n-channel  MOSFET  biased  in  the  saturation 
region,  the  parameters  are  VTN  =  1 V,  |p nCox  =18  mA/V2 
and  k  =  0.015  V-1  and  IDQ  =2  mA.  If  transconductance  is 
gm  =  3.4  mA/V,  the  width-to-length  ratio  is 
(A)  80.6  (B)  43.2 

(C)  190  (D)  110 


^3  In  the  circuit  of  fig.  P3.4.20,  the  parameters  are 
gm  =  1mA  /  V,  ra  =50  kQ.  The  gain  Av  =  va/vs  is 


(A)  -8.01 
(C)  14.16 


(D)  -14.16 


Statement  for  Q.16-17: 


The  common-base  amplifier  is  drawn  as  a  two-port 
in  fig.  P3. 4. 16-17.  The  parameters  are  (3  =  100,  gm  =  3 
mS,  and  ra  =  800  kQ. 


Fig.  P3.4. 16-17 

iTil  The  h-parameter  h21  is 

(A)  2.46  (B)  0.9 

(C)  0.5  (D)  0.67 


”2 


O 


m  The  h-parameter  hr,  is 

(A)  3.8  xl0~4  (B)  4.83  xl0“3 

(C)  3.8  xlO4  (D)  4.83  xlO3 


Statement  for  Q.21-23: 

For  the  circuit  shown  in  fig.  P3. 4. 21-23  transistor 
parameters  are  VTN  =2  V,  Kn  =0.5  mA/V2  and  A,=0. 
The  transistor  is  in  saturation. 


+10  v 


Fig.  P3.4.21-23 

m  If  IDQ  is  to  be  0.4  mA,  the  value  of  VGSQ  is 
(A)  5.14  V  (B)  4.36  V 

(C)  2.89  V  (D)  1.83  V 


ITit  For  an  n-channel  MOSFET  biased  in  the  saturation 
region,  the  parameters  are  Kn  =0.5  mA/V2  ,  VTN  =0.8  V 
and  A,  =0.01  V  1 ,  and  IDQ  =0.75  mA.  The  value  of  gm  and 
r0  are 


^3  The  values  of  gm  and  rn  are 

(A)  0.89  mS,  oo  (B)  0.89  mS,  0 

(C)  1.48  mS,  0  (D)  1.48  mS,  oo 

The  small  signal  voltage  gain  A,  is 


(A)  0.68  mS,  603  kQ 
(C)  1.22  mS,  133  kQ 


(B)  1.22  mS,  603  kQ  (A)  14  3 

(D)  0.68  mS,  133  kQ  (Q  _8  9 
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(A)  4.44 
(C)  2.22 


(B)  -4.44 
(D)  -2.22 


Statement  for  Q.33-34: 

Consider  the  source-follower  circuit  in  fig. 
P3. 4. 33-34.  The  values  of  parameter  are  gm  =  2  mS  and 
ra  =  100  kQ. 

+5  V 


Fig.  P3.4.33-34 

The  voltage  gain  Av  is 
(A)  0.89  (B)  -0.89 

(C)  2.79  (D)  -2.79 

£71  The  output  resistance  Ra  is 

(A)  100  kQ  (B)  0.498  kQ 

(C)  1.33  kQ  (D)  None  of  the  above 


SOLUTIONS 


1.  (C)  gm  =  ^  =  ^-=772  mA/V 
V,  0.0259  1 


r  =P^=A: 

71  j 

*CQ  8  m 

VA  140 
Id  2m 


180 

772m 


=  2.33  kQ 


=  70  kQ 


9-07 

2.  (B)  7S0=^-^-=52  pA 
BQ  250k 

ICQ  =  p7„  =(120)(5.2p)  =0.642  mA 


Sn 


Id  _  0.624 


V,  0.0259 


=  24  mA/V 


r„=^  =  A  =  l^=5kQ,ro=00 


lcq 


8m  24m 


3.  (C)  Av  =-gmRc 
=  -(24m)(4k) 


(37?c 


rn+Rn  J  rn  +  Rn 


5k 


lv5k  +  250k 


=  -1.88 


4.  (D)  r,=^, 

*CQ 


'  n(min) 


1.08m 

(80X0.0259) 

1.32m 


=  1.56  kQ 


5.  (A)  VECQ  =  A  Vcc  =  5  V 

Vecq  =  10  -  ICq  Rc  =  5 
=>  10  -(0.5m)7?r  =5 


Rc  =  10  kQ, 


IjBQ  ~ 


f  CQ  0.5 


=  5  pA 


P  100 

+  I  bqRb 

0.7 +(5p)  (50k)  =0.95  V 


VeB(ON)  +  I BQRB  —  VplJt 


6.  (D)  gm=IRR=  0,5  =  19.3  mA/V 

m  Vt  0.0259  ' 

PV,  (100X0.0259)  _  i  _  i  _ 

r  =  = - =5.18  kQ  ,  r „  =  oo 

Id  °'5m 


7.  (B)  ICQ  = 


(  100 


11001/ 


\o.. 


35)  =0.347  mA 
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The  small-signal  equivalent  circuit  is  as  shown  in  fig. 
S3. 4. 7 


r  1110k 

V.  =  -  '  -  (»>.),  v0=-gmVn(r0\  17k) 


500  +  r  II  10k 


=  ~g 


1 1 10k 


(ra  1 1 7k) 


500  +  r„  I  \10k 

gm=^  =  =  13-13  mA/V 

=  7.6  kQ 

L  3.1 3m 

V,  100 


Icq  _  0.347m 
V]  ~  0.0259 
P  _PV,  _  100 

!Cq  13.13m 


°  ICQ  0.347m 


=  288  kQ 


r„M7k=  288x  7  =  6.83  kQ,  rJHOk  =  J’6  X  10  =4.32  kQ 


288  +  7 


A  „  =  -13.13  m 


4.32k 


500  +  4.32k 


7.6  +  10 
6.83k)  =-80 


9.  (A)  DC  Analysis:  VTH=-  (12)  =10  V 
TH  10  +  50 

Rth  =111150  =8.33  kQ 

,  12-0.7-10  1ln  . 

I  no  = - =  11-9  LI  A 

BQ  8.33k  +  (101)lk 

I cq  ~  l^I hq  — 1.19  mA,  I eq  =  ^  —  mA 
VECQ  =  12  -(1.20)1  -(1.19)2  =  8.42  V 
AC  Analysis: 


=  (100X0.0259  =21gkQ 

I  cq  1.19m 


va  =  p/6(2k)  ,  vs  =  -(P  +  l)/6(lk)  +  Ib(rJ 
A  =  v2_=  — p(2k)  =  ~(100)(2k) 

"  vs  r„  +  (p  +  l)lk  2.18k +  (100)(lk) 


10.  (B)  VECQ  =  8.42  V, 

For  1  <  vEC  <  11  V,  Avec  =11  -  8.42  =2.58  V 
=>  Output  voltage  swing  =5.16  V  peak  to  peak. 


8.  (C)  DC  Analysis:  ICQ  =IEQ 

V CEQ  =  5  =  10  -  ICq  ( Rc  +  Re) 

=>  5  =10  -7CQ(1.2k  +  0.2k)  =>  ICQ  =  3.57  mA 

Ibq  =  — — —  =  23.8  pA 
sq  lg0 

AC  Analysis: 


pV)  (0.0259)  inQ1 

r  =  1  =  (150) - =  1.09  kQ  ,  r  =  oo 

*  ICQ  3.57m 

v„  -ipib)Rc 


vs 

A  „  = 


,  vs=Ibrn+$  +  l)REIb 
-(150)(12)k 

r„  +  (1  +  P)i4  ”  1.09k  +  (151)(02k) 


vs 

-pi?c 


=  -5.75 


11.  (B)  Since  the  B-C  junction  is  not  reverse  biased,  the 
transistor  continues  to  operate  in  the  forward- active 
-mode 


o  o 


Fig.  S  3.4.11 


V,.. 


r,  =  - 


gtn^ce  gn 

(100X0.0259) 


r  =  — = -  ,  So  rK  1 1  - 

Urn 

=  2.33  kQ 


2m 


=  /cq  =_2m_=7?2  v 

m  Vt  0.0259  ' 

J-  =  12.95,r0=^=^=75kQ 

gm  I  CQ  2m 


r  =  (2.33k)  11(12.95)  1 1  (75k)  =12.87  Q 
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12.(C),=-^  -  Ic«=^  =  ^=  0.375  mA 

13  =  py  =  75(0.0259)  kQ 

*  Icq 


Vi  =  Ib(rn  +  1.5k),  Iin  =/e  =(P+  1)1  b 
R  _Vt  _  (rR  +  1.5k)  _  1.94  +  1.5k  _ 
“  “  /.  _  (P  +  1)  ”  76 


14.  (D)  The  equivalent  circuit  is  shown  below 


Removing  the  RL  ,  -VK  = 


v,n 


vTH=-ro  SmVn-VK  = 


270  +  rK 

ViTSX±  gmQ 

270  +  r 


=  60  kQ 

gm  2m 

oi50k(l  +  (2m)(250k)) 

vT„  =  — - =  498  V: 

270  +  50k 


15.  (A)  The  equivalent  small-signal  circuit  is  shown  in 
fig.  S3. 4. 15 


y  y  v .  +  y . 

— —  -| - —  -|-  a  V  H - - - —  =  0 

O  m  K  r»r7A 

rn  ra  270 

y  y  V:  +  y, 

— ^  +  — J-  +  2my  +  - - ^=0 

50k  250k  11  270 

I  sc  =1-297  mo, 

Rm=^=  498V‘  =384  kfi 

Isc  1297mu, 


-0.647c,  , 


16.  (B)  The  equivalent  small-signal  circuit  is  shown  in 
fig.  S3. 4. 16 


J3_  ^  100  =  3a3  kQ 


gn 


h  -y 

'hi  -  ■ 


3m 


h  =- 


V. 


g  y 

o  m  n 


h  =  “■ 


u2=0  0 

v:  vl  vm 

r 


3.9k 


h  = 
rt/21 


§  m 


1  1 

- 1 - h 

3.9k  r 


y 


-  - gmVn  ,  —  can  be  neglected 


~gmrn  3.9k 


C  +  3.9k  +  g',„y3.9k 


=  0.91 


17.  (A)  Vl  =-Vn 


Vl 

3.9k 


=  g  V 

o  m  n 


3.9k 


v , 


-  +  ui 

C,  > 

1 

r„ 


800k 


1 

39k  + 
=  3.8  x  10  4 


1  1 

—  +  —  +  gn, 

r  r 


1 

39k 


1 

33.3k 


1 

800k 


3m 
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Rs  =  4  kQ,  vgs  =  0.84vi  , 
v0=-gmvgs(r0  ll-Rfl) 

=  -(1.41m)(0.84i;i)(100k  II  5k) 

=>  —=AV=-  5.6 

C 

28.  (A)  R„=Rn  Wro\\  100k  =4.76  kQ 

29.  (A)  As  shown  in  fig.  S3. 4. 27,  i?,  =  R1  1 1  R2  =20.6  kQ 

30.  (C)  From  the  DC  analysis: 

Vgsq  =  1.5  V,  IDQ  =0.5  mA 

gm  =2 Kn{V0S  -  V TN)  =2(lm)  (1.5  -0.8)  =  1.4  mA/V 

r0  =[^dq]“1  =°° 

The  resulting  small-signal  equivalent  circuit  is  shown 
in  fig.  S5.4.30 


©  © 


v0=~gmvgsRD,  C  =  vgs  +  gmvgsRs 

=>  V°  =  ~8<"R»  =  -  (l.4m) - ' — - =  -5.76 

vi  1  +  gm  Rs  1  +  (1.4m)  (0.5k) 

31.  (B)  Since  the  DC  gate  current  is  zero,  Vs  =-VGSQ 

iDQ=iQ=Kn(vGSQ-vTNr 

=>  0.5  =l(VGS(j  -0.8)2 
V(!SQ  =  1.5 1  V  =  -Vs 

VDSQ  =5  -(0.5m)(7k)  -(-1.51)  =  3.01  V 

The  transistor  is  therefore  biased  in  the  saturation 

region.  The  small-signal  equivalent  circuit  is  shown  in 

fig.S3.4.31. 


Fig.  S3. 4.31 


Vo=-gmvgs(  7k) 


vgs  =  vt  ,  —  =  Av=-gm( 7k) 

Vi 

gm  =2KjyGS-VTN) 

=  2  (lm)(1.51  -0.8)  =1.42  mS 
A„=  -(1.42m)  (7k)  =-9.9 

32.  (A)  The  small-signal  equivalent  circuit  is  shown  in 
fig.  S.3.4.34 


Fig.  S3. 4.32 


v0  =  ~gmvgs(RD  1 1  Rl),  v ,.  =  -vgs 

A„  =  ^  =  gm(RD  1 1  Rl)  =(2m)(5k  II  4k)  =  4.44 

Vi 

33.  (A)  The  small-signal  equivalent  circuit  is  shown  in 
fig.  S3. 4. 33 


©  © 


v„=gmvgs(RL  II  r0) 

Vi  =  vgs  +  va=  vgs  +  gmvgs(RL  II  ra) 

1 

^l  +  ^CRJI  r0) 

K  =A  =  gJ^L  II  O 
vt  v  l  +  gm(RL  II  ra) 

R,  Mr  =4k  II  100k  =1CHIk  =3.86  kQ 
1  °  26 

(2m)(  3.85k)  =Q89 

"  1  +  (2m)(  3.85  k) 

34.  (B)  J?„=—  II  r„ 

gm 

=  ^  j  II  (100)  «  0.498  kQ 
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1.  Av=  —  =? 

V; 


400  kn 


(A)  -10 
(C)  -11 


Fig.  P3.5.1 

(B)  10 

(D)  11 


(A)  -2  sin  cot  pA  (B)  -7  sin  cot  pA 

(C)  -5  sin  co t  pA  (D)  0 


0  In  circuit  shown  in  fig.  P3.5.4,  the  input  voltage  p  is 
0.2  V.  The  output  voltage  va  is 
50  kn 


Fig.  P3.5.2 

(A)  -10  (B)  10 

(C)  13.46  (D)  -13.46 

2  The  input  to  the  circuit  in  fig.  P3.5.3  is 
vi  =  2  sin  cot  mV.  The  current  ia  is 


10  kn 


Fig.  P3.5.4 

(A)  6  V  (B)  -6  V 

(C)  8  V  (D)  -8  V 

3  For  the  circuit  shown  in  fig.  P3.5.5  gain  is 
Av  =v„/vi  =-10.  The  value  of  R  is 


R  100  kn 


(A)  600  kQ  (B)  450  kQ 

(C)  4.5  MQ  (D)  6  MQ 
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!;)  For  the  op-amp  circuit  shown  in  fig.  P3.5.6  the 
voltage  gain  A„  =va/vi  is 

R  R  R 


Fig.  P3.5.6 

(A)  -8  (B)  8 

(C)  -10  (D)  10 

3  For  the  op-amp  shown  in  fig.  P3.5.7  open  loop 
differential  gain  is  Aod  =  103.  The  output  voltage  va  for 
V:  =  2  V  is 

100  kn 


Fig.  P3.5.7 

(A)  -1.996  (B)  -1.998 

(C)  -2.004  (D)  -2.006 


E  |  In  the  circuit  of  fig.  P3.5.10  the  output  voltage  va  is 


20  kn 

+0.5VO— VSA/ — 

40  kn 

ivo— VW 

60  kn 

+2vo— v\A/ —  i— 


20  kn 

■AA/V 


(A)  2.67  V 
(C)  -6.67  V 


Fig.  P3.5.10 

(B)  -2.67  V 
(D)  6.67  V 


m  In  the  circuit  of  fig.  P3.5.11  the  voltage  va  is 
(1  +  2  sin  at)  mV  and  vi2  =-10  mV.  The  output  voltage 

v„  is 


20  kn 


2kn 

vil  o — VW 


20  kn 

A/W- 


ovo 


Fig.  P3.5.11 

(A)  -0.4(1  +  sin  co t)  mV  (B)  0.4(1  +  sin  at)  mV 

(C)  0.4(1  +  2  sin  at)  mV  (D)  -0.4(1  +  2  sin  at)  mV 


3  The  op-amp  of  fig.  P3.5.8  has  a  very  poor  open-loop 
voltage  gain  of  45  but  is  otherwise  ideal.  The  closed-loop 
gain  of  amplifier  is 

ioo  kn 


Fig.  P3.5.8 

(A)  20  (B)  4.5 

(C)  4  (D)  5 

3  For  the  circuit  shown  in  fig.  P3.5.9  the  input  voltage 
vt  is  1.5  V.  The  current  ia  is 

10  kn 


Fig.  P3.5.9 

(A)  -1.5  mA  (B)  1.5  mA 

(C)  -0.75  mA  (D)  0.75  mA 


fTI  For  the  circuit  in  fig.  P3.5.12  the  output  voltage  is 
va  =2.5  V  in  response  to  input  voltage  vt  =  5  V.  The  finite 
open-loop  differential  gain  of  the  op-amp  is 


(A)  5  x  104  (B)  250.5 

(C)  2  x  104  (D)  501 

EE1  v0=  ? 


ioo  kn 


(A)  34  V  (B)  -17  V 

(C)  32  V  (D)  -32  V 
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For  the  circuit  shown  in  fig.  P3.5.28  the  input 
resistance  is 


(A)  38  kQ 

(B)  17  kQ 

(C)  25  kQ 

(D)  47  kQ 

n*„=? 


6kfi 


(A)  -18  A  (B)  18  A 

(C)  -36  A  (D)  36  A 

Statement  for  Q.32-33: 

Consider  the  circuit  shown  below 


ETfl  In  the  circuit  of  fig.  P3.5.29  the  op-amp  slew  rate  is 
SR  =0.5  V/ps.  If  the  amplitude  of  input  signal  is  0.02  V, 
then  the  maximum  frequency  that  may  be  used  is 


240  kn 


(A)  0.55  x  106  rad/s  (B)  0.55  rad/s 

(C)  1.1  x  106  rad/s  (D)  1.1  rad/s 

ETil  In  the  circuit  of  fig.  P3.5.30  the  input  offset  voltage 
and  input  offset  current  are  Vio  =  4  mV  and  Im  =  150  nA. 
The  total  output  offset  voltage  is 


500  kn 


(A)  479  mV  (B)  234  mV 

(C)  168  mV  (D)  116  mV 


2kn 

vi  o — VW 


3kn  D1 

^vw-KH 

6kn  D2 

^vHX- 


Fig.  P3.5.32-33 


EE1  If  v,  =  2  V,  then  output  va  is 
(A)  4  V  (B)  -4  V 

(C)  3  V  (D)  -3  V 


If  vt  =  -2  V,  then  output  va  is 
(A)  -6  V  (B)  6  V 

(C)  -3  V  (D)  3  V 


m  va(t)  =  ? 


t  t 


(A)  e  10  u{t)  V 

(B)  -e  10  u(t)  V 

t 

(C)  e17*  u{t )  V 

t 

(D)  -e_rw  u(t)  V 
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33  The  circuit  shown  in  fig.  P3.5.35  is  at  steady  state 

before  the  switch  opens  at  t  =0.  The  vc(t)  for  t  >  0  is 

t=  o 


Fig.  P3.5.35 

(A)  10  -  5e“12'5'  V  (B)  5  +  5e'12'5t  V 

t  t 

(C)  5  +  5e~^  V  (D)  10  -  5e~^  V 


^3  The  LED  in  the  circuit  of  fig.  P3.5.36  will  be  on  if  vt 


(C)  >5  V  (D)  <5  V 

^3  In  the  circuit  of  fig.  P3.5.37  the  CMRR  of  the 
op-amp  is  60  dB.  The  magnitude  of  the  va  is 


(A)  1  mV  (B)  100  mV 

(C)  200  mV  (D)  2  mV 


(A)  v,vm  (B)  ~vsvss 

(C)  -i  (D) 

V  V 


12  If  the  input  to  the  ideal  comparator  shown  in  fig. 
P3.5.39  is  a  sinusoidal  signal  of  8  V  (peak  to  peak) 
without  any  DC  component,  then  the  output  of  the 
comparator  has  a  duty  cycle  of 


(B) 

(D) 


1 

3 

1 

12 


23  In  the  op-amp  circuit  given  in  fig.  P3.5.40  the  load 
current  iL  is 


R  i 


(B) 


Cl 

r2 


(D) 


vs 

R~l 


m  In  the  circuit  of  fig.  P3.5.41  output  voltage  is  |a0|  =  1 
V  for  a  certain  set  of  co,  R,  an  C.  The  |u0|  will  be  2  V  if 


33  The  analog  multiplier  X  of  fig.  P.3.5.38  has  the 
characteristics  vp  =v1v2  .  The  output  of  this  circuit  is 


V;  =  sin 


(A)  a>  is  doubled 

(C)  R  is  doubled 
www.gatehelp.com 
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(B)  co  is  halved 

(D)  None  of  the  above 
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^3  In  the  circuit  of  fig.  P3.5.42.  the  3  dB  cutoff 
frequency  is 


(A)  10  kHz 
(C)  354  Hz 


Fig.  P3.5.42 

(B)  1.59  kHz 
(D)  689  Hz 


SKI  The  phase  shift  oscillator  of  fig.  P3.5.43  operate  at 
f  =  80  kHz.  The  value  of  resistance  RF  is 


(C)  438  kQ 


(D)  814  kQ 


23  The  value  of  C  required  for  sinusoidal  oscillation  of 
frequency  1  kHz  in  the  circuit  of  fig.  P3.5.44  is 
lkn  2.i  kn 


(A)  —  pF 
2n 


(C) 


2;tV6 


pF 


(D)  2tiV6  pF 


23  In  the  circuit  shown  in  fig.  P3.5.45  the  op-amp  is 
ideal.  If  |SF  =  60,  then  the  total  current  supplied  by  the 
15  V  source  is 

(A)  123.1  mA  (B)  98.3  mA 

(C)  49.4  mA  (D)  168  mA 


f  15  V 


Fig.  P3.5.45 

21  In  the  circuit  in  fig.  P3.5.46  both  transistor  Q1  and 
Q2  are  identical.  The  output  voltage  at  T  =  300  K  is 


(A)  21og10|  ^ 
Oi  R2 


(B)  log10| 

v i  R2 


(C)  2.303  log. 


v.2  R, 
Pi  r2 


(D)  4.605  log* 


v2  R, 

vl  R2 


In  the  op-amp  series  regulator  circuit  of  fig.  P8.3.47 
V,  =  6 2  V,  VBE  =  0.7  V  and  p  =  60.  The  output  voltage  va  is 


(A)  35.8  V 
(C)  29.8  V 


(B)  24.8  V 

(D)  None  of  the  above 
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26.  (C)  v2+  =  v2_  =0  V,  current  through  6  V  source 

i  =  —  =2  mA,  va  =  -2m(3k  +  2k)  =  -10  V 
3k 


33.  (D)  If  vl  <  0,  then  va  >  0,  D2  blocks  and  D1  conduct 
3k 

A„  =-'*=- 1.5,  va  =  (— 2)(— 1.5)  =  3  V 


27.  (D)  v+  = 


C,(D 

1  +  3 


■’t’- 


vi  (2)  ,  v0(l) 


2^ 

3 


2  +  1 
=  -8 


2  +  1 


34.  (A)  Voltage  follower  va=v_=  v+ 
o+(0+)  =5m(250  1 11000)=  IV,  o+(oo)=0 
t  =  8m(1000  +  250)  =  10  s 


28.  (B)  Since  op-amp  is  ideal 


Fig.  S3. 5. 28 

v_=v+  ,  2kis  =  4kz,  =>  is  =  24 
vs  =2kis  +  10ki2 

4=4  +  4»  vs  =2kis  +  10k(is  +  4),  4  =-| 
vs  =2kis  +  10k^i,  + -^  j  =>  ^+=17k  =  Rin 


29.  (C)  Closed  loop  gain 


240k 

10k 


=  24 


The  maximum  output  voltage  vom  =  24  x  0.02  =  0.48  V 


co  < 


SR 


0'^  /  ^  =  1.1  x  106  rad/s 
0.48 


30.  (A)  The  offset  due  to  Vio  is  va  =  [  1  +  —  |vio 

V  Ri) 

=  ^1  +  500  j  4m  =  404  mV 

Due  to  Iio,  v0  =RFIio  =(500k)(150n)  =75  mV 
Total  offset  voltage  va  =  404  +  75  =  479  mV 


35.  (A)  uc(0“)=5  V  =  oc(0+)=5  V 

For  t  >0  the  equivalent  circuit  is  shown  in  fig.  S3. 5. 35 


20  kn 


t  =20k  x  4p  =0.08  s 

t 

=  10  +  (5  -  10)e~+^  =  10-5e“12a  V  fort>0 


36.  (C)  v  =  (10)(10k)  =5  V 
'  10k  +  10k 

When  v+  >  5  V,  output  will  be  positive  and  LED  will  be 
on.  Hence  (C)  is  correct. 


37.  (B)  v+  =(2)A  =  i  y,  „ .=(2)^  =  1  V,  vd=0 

V  —  v+  +  v-  —  i  _  Rf  Vcm 

CM  2  ’  0  1  CMRR 

CMRR  =  60  dB  =  103  ,  o  =  — J-  =  100  mV 
0  1  103 


38.  (C)  v+  =0  =  v_, 

Let  output  of  analog  multiplier  be  vp. 


--  —v  v 


V , 


39.  (B)  When  vt  >2  V,  output  is  positive.  When  vi  <2  V, 


31.  (A)  6=-^,  io=-  6  + 
6k 

„  -6(6k) 

=  -  6  + - =  -18  A. 

°  3k 


3k 


32.  (B)  If  Vj  >0,  then  va  <0 ,Dl  blocks  and  D2  conducts 
Kk 

A„=-^  =  -2  =>  v0  =(-2)(2)  =  -4  V 


output  is  negative. 

v 
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5n  n 

Duty  cycle  =  Tse.  =  _6 - 6.  _  A 

T  2ji  3 


40.(A) 


V.  -v_  v_  -  v„ 


A,  A, 

-c„ 


J?2  ^2 


At, 


—  =0 


2ci  =  os  +  i>, 

R^ 

Rr 


2v_  =  vs  + 1  2  +  |  c+  ,  v_  =  v 

O  R2 

=>  0  =  v  „  +  — -  i> 


Rr 


Rr 


l,  =~- 


V,  = - — V .  ,  l,  =  — ^  , 

\  ~DS  L,  TD  JD 

K2  tiL  K2 


41.  (D)  This  is  a  all  pass  circuit 


^  =  H( joj)  =  1  jaRC  ,  \H(jm)\  =  ^^-mR2C>2  =1 
a,  1  +  y'coAC  V l  +  (coAC )2 

Thus  when  to  and  A  is  changed,  the  transfer  function  is 
unchanged. 

42.  (B)  Let  R1  =  3  kQ  ,  R2  =6  kQ  ,  C  =  50  nF 


V:  -  v 


Ri 


l 

sC 


A, 


-  =0 


c, 


1  +  sAjC 


a2  r2 


Rz 

Ai 


(1  +  sA,  C)  +  1 


=  v„ 


Jj-  [^2  +Ri+  sAjA2C]  =  va 


vJL=  R2  +  R1 

Vi  Ri 


sR1R2C 
R1  +  A2 


A., 


^=[1+  A  K1  +  s(Ai  m#2)C) 


/ms  “ 


2ti(A1  II  A2)C 

1 


=  1.59  kHz 


27i(3kll6k)50n  2jt(2k)50n 

43.  (B)  The  oscillation  frequency  is 

1  1 


f  = 


2tiV6AC 


80k  = 


=>  A  = 


A 


(80k)(2jtV6  )(100ti) 


27iV6A(100ti) 
=  8.12  kQ 


TU=29 

A 


A„  =(8.12k)(29)  =236  kQ 


44.  (A)  This  is  Wien-bridge  oscillator.  The  ratio 
7?  9  1k 

— -  =  — =2.1  is  greater  than  2.  So  there  will  be 
Aj  lk 

oscillation 


Frequency  = 


C=  — pF 
2ji 


2ttAC 


2jt(lk)C 


45.  (C)  v+  =  5  V  =  =  vE  , 

The  input  current  to  the  op-amp  is  zero. 

l+15V  ~lZ+lC  =  lZ  +  VLfT-E 

15  -5  60  /  5  ,  ...  . 

- -  =  49.4  mA 


47k  611100 


ah  333,  . 

46.  (B)  v0=  —  (v0l  -vo2) 


v0i  =  -vBE1  ~Vtln  \  ^  j,  vo2  =  -vBE2  -  Vt  In  [  ^ 
v„!  -  vo2  =  -Vt  In  |  ^0  =  Vt  In  (V 

lc2  J  V  lcl  J 


}h_ 

Rr 


A, 


V*  -  Vn9  =  V,  In  |  A.  A  I  V  =  0.0259  V 


A2  v1 

333.  ,  333  .  /  v2  R1 

v„  = - (i> ,  -vn2)= - (0.0259)  In  —  — 

°  20  o1  02  20  ^  A2 


=  0.4329 ln|  ^  A]  =  0.4329(2.3026) log10(  V*  Rl 


v i  A2 


v1  R2 


=  log1 


V  2  Rj 
v1  A2 


47.  (B)  v+  =v_,  vz  =■ 


10  v„  v„ 


10  +  30  4 

v  =  4v  =  62  x  4=24.8  V 
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3  The  100 110  2  is  numerically  equivalent  to 

1.  2616  2.  3610  3. 468  4.  2124 


'">!  A  computer  has  the  following  negative  numbers 
stored  in  binary  form  as  shown.  The  wrongly  stored 
number  is 


The  correct  answer  are 

(A)  1,  2,  and  3  (B)  2,  3,  and  4 

(C)  1,  2,  and  4  (D)  1,  3,  and  4 


(A)  -37  as  1101  1011 
(C)  -48  as  1110  1000 


(B)  -89  as  1010  0111 
(D)  -32  as  1110  0000 


3  If  (211)*  =(152)8  ,  then  the  value  of  base  x  is 

(A)  6  (B)  5 

(C)  7  (D)  9 


3  Consider  the  signed  binary  number  A  =01010110 
and  B  =11101100  where  B  is  the  l’s  complement  and 
MSB  is  the  sign  bit.  In  list-I  operation  is  given,  and  in 
list-II  resultant  binary  number  is  given. 


3  11001,  1001  and  111001  correspond  to  the  2’s 
complement  representation  of  the  following  set  of 
numbers 

(A)  25,  9  and  57  respectively 

(B)  -6,  -6  and  -6  respectively 

(C)  -7,  -7  and  -7  respectively 

(D)  -25,  -9  and  -57  respectively 

3  A  signed  integer  has  been  stored  in  a  byte  using  2’s 
complement  format.  We  wish  to  store  the  same  integer 
in  16-bit  word.  We  should  copy  the  original  byte  to  the 
less  significant  byte  of  the  word  and  fill  the  more 
significant  byte  with 

(A)  0 

(B)  1 

(C)  equal  to  the  MSB  of  the  original  byte 

(D)  complement  of  the  MSB  of  the  original  byte. 


List-I 

List-II 

1.  0100  0011 

P.  A+B 

2.0110  1001 

Q.  B-A 

3.0100  0010 

4.  1001  0101 

ts 

1 

to 

5.  1011  1100 

6.  1001  0110 

S.  -A-B 

7.  1011  1101 

8.  0110  1010 

The  correct  match  is 

P  Q  R 

(A) 

(B) 

(C) 

(D) 


3  4  2 
3  6  8 
14  8 
16  2 


S 

5 

7 

7 

5 
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The  simplified 

form  of  a  logic  function 

Y  =A(B  +  C{AB+  AC)) 

is 

(A)  AB 

(B)  AB 

(C)  AB 

(D)  AB 

The  reduced  form 

of  the  Boolean  expression  of 

Y  ={AB)-(AB)  is 

(A)  A  +  B 

(B)  A  +  B 

(C)  AB  +  AB 

(D)  AB  +  AB 

If  XY  +  XY  =  Z  then  XZ  +  XZ  is  equal  to 

(A)  Y 

(B)  Y 

(C)  0 

(D)  1 

If  XY  =0  then  X  ©  Y  is  equal  to 

(A)  A  +  Y 

(B)  A  +  Y 

(C)  XY 

(D)  XY 

From  a  four-input 

OR  gate  the  number  of  input 

condition,  that  will  produce  HIGH  output  are 

(A)  1 

(B)  3 

(C)  15 

(D)  0 

ETil  A  logic  circuit  control  the  passage  of  a  signal 
according  to  the  following  requirements  : 

1.  Output  X  will  equal  A  when  control  input  B  and 
C  are  the  same. 

2.  X  will  remain  HIGH  when  B  and  C  are 
different. 


(A)  (B) 


(C)  (D) 


13  In  fig.  P.4.1.35  the  input  condition,  needed  to 
produce  X  =  1,  is 


(A)  A  =  1,  B  =  1,  C  =0  (B)  A  =  1,  B  =  1,  C  =  1 

(C)  A  =0,  B  =  1,  C  =  1  (D)  A  =1,  B  =0,  C=0 

ETtl  Consider  the  statements  below: 

1.  If  the  output  waveform  from  an  OR  gate  is  the  same 
as  the  waveform  at  one  of  its  inputs,  the  other  input  is 
being  held  permanently  LOW. 

2.  If  the  output  waveform  from  an  OR  gate  is  always 
HIGH,  one  of  its  input  is  being  held  permanently 
HIGH. 

The  statement,  which  is  always  true,  is 
(A)  Both  1  and  2  (B)  Only  1 

(C)  Only  2  (D)  None  of  the  above 


The  output  of  logic  circuit  is  HIGH  whenever  A  and 
B  are  both  HIGH  as  long  as  C  and  D  are  either  both 
LOW  or  both  HIGH.  The  logic  circuit  is 


To  implement  y  =  ABCD  using  only  two-input 
NAND  gates,  minimum  number  of  requirement  of  gate 
is 

(A)  3  (B)  4 

(C)  5  (D)  6 

5THI  If  the  X  and  Y  logic  inputs  are  available  and  their 
complements  X  and  Y  are  not  available,  the  minimum 
number  of  two-input  NAND  required  to  implement 
X®Y  is 

(A)  4  (B)  5 

(C)  6  (D)  7 
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Statement  for  Q.39-40: 

A  Boolean  function  Z  =  ABC  is  to  be  implement 
using  NAND  and  NOR  gate.  Each  gate  has  unit  cost. 
Only  A,  B  and  C  are  available. 


ETSI  If  both  gate  are  available  then  minimum  cost  is 

(A)  2  units  (B)  3  units 

(C)  4  units  (D)  6  units 

23  If  NAND  gate  are  available  then  minimum  cost  is 
(A)  2  units  (B)  3  units 

(C)  4  units  (D)  6  units 


In  fig.  P4.1.41  the  LED  emits  light  when 

Vrr  =  5  V 


lkn 


(B)  both  switch  are  open 

(C)  only  one  switch  is  closed 

(D)  LED  does  not  emit  light  irrespective  of  the  switch 
positions 


^3  If  the  input  to  the  digital  circuit  shown  in  fig. 
R4.1.42  consisting  of  a  cascade  of  20  XOR  gates  is  X, 
then  the  output  Y  is  equal  to 


l 


x- 


Fig.  P4.1.42 

(A)  X  (B)  X 

(C)  0  (D)  1 


Assuming  complements  of  x  and  y  are  not 
available,  a  minimum  cost  solution  for  realizing  f  using 
2-input  NOR  gates  and  2-input  OR  gates  (each  having 
unit  cost)  would  have  a  total  cost  of 
(A)  1  units  (B)  2  units 

(C)  3  units  (D)  4  units 


23  The  gates  G1  and  G2  in  Fig.  R4.2.44  have 
propagation  delays  of  10  ns  and  20  ns  respectively, 
l — 


v, 

0  - 


Fig.  P4.1.44 

If  the  input  Vl  makes  an  abrupt  change  from  logic 
0  to  1  at  t  =  t0  then  the  output  waveform  Va  is 


h,  =t 

0  +  10  ns, 

^2  — 

fj  +  10  ns,  t3  = 

-t2  +  10  ns] 

(A) 

(B) 

0  ^1 

'2 

h 

0 

h 

^2 

f3 

(C) 

CD) 

0  ^1 

'2 

h 

0 

h 

^2 

f3 

^3  In  the  network  of  fig.  P4.1.45  f  can  be  written  as 


(A)  A0A,A3A5  A'., A'. A', ....  A'.,  ,  •  .....V.  :.Y. 

(B)  X0X,X3X5  +  X2X3X4  ....  Xn  +  ....  XH_,Xn 

(C)  X0X1X3X5  ....Xn+  X2X3X5 ...  Xn  +  ....  +  X„  ,X„ 

(D)  X0X1XaXs...Xn_1+XaXaXli ...  Xn+..+Xn_1Xn_2  +  Xn 


nil  A  Boolean  function  of  two  variables  x  and  y  is 
defined  as  follows  : 

f( 0, 0)  =  f( 0, 1)  =  f(l,  1)  =  1;  f  (1, 0)  =0 
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1.  (D)  1001102  =  25  +  22  +  21  =  3810 
2616  =2x  16  +  6  =  3810 

468  =4x  8  +  6=  3810 
2124  =2  x  42  +  41  =  3810 
So  3610  is  not  equivalent. 

2.  (C)  2x2  +  x  +  1  =  64  +  5  x  8  +  2  =>  x  =  7 


3.  (C)  All 

are  2’s  complement  of  7 

11001 

=>  00110 

+  1 

00111 

=  710 

1001 

=>  0110 

+  1 

0111 

=  710 

111001 

=>  000110 

+  1 

000111 

=  710 

4.  (C)  See  a  example 


42  in  a  byte 
42in  a  word 
-42  in  a  byte 
-42  in  a  word 


00101010 

0000000000101010 

11010110 

1111111111010110 


Therefore  (C)  is  correct. 


5.  (C)  4810  =  001100002 
-4810  =  11001111 
+  1 
11010000 


6.  (D)  Here  A ,  B  are  l’s  complement 
A+B,  A  01010110 
B  +  11101100 
101000010, 

+  1 
01000011 

B  -  A  =  B  +  A,  B  11101100 
A  +10101001 
110010101 
+  1 


A  -  B  =  A  +  B,  A  01010110 
B  +  00010011 
01101001 

-A  -  B  =A  +B,  A  10101001 
B  +  00010011 
10111100 

7.  (B )  Here  A  ,  B  are  2’s  complement 

A+B,  A  01000110 
B  +  11010011 
1  00011001 

Discard  the  carry  1 

A-B=A+B,  A  01000110 
B  +  00101101 
01110011 

B-A,  B  11010011 
A  +  10111010 
1  10001101 

Discard  the  carry  1 

-A-B  =  A+B,  A  10111010 
B  +  00101101 
11100111 


8.  (B)  1110  =10112 

0.3  2Ftl  B,  Ft 


0.6 

0 

0.6 

1.2 

1 

0.2 

0.4 

0 

0.4 

0.8 

0 

0.8 

1.6 

1 

0.6 

Repeat  from  the  second 

line  0.310  = 

0.01001  2 

9.  (C) 

K 

b3 

K  p3 

\  p2  Pi 

Received  1 

1 

0  1 

10  0 

Cl  =  b4  ©  b2  ©  ©  p1  =  0 

C2  =  64  ©  63  ©  ©  p2  =  1 

C3  =  bi  ©  63  ©  b2  ©  p?>  =  1 
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C3  C2  Cj  =  110  which  indicate  position  6  in  error 
Transmitted  code  1001100. 

10.  (D)  X  =MNQ  +MNQ+  MNQ 

=  MQ  +MNQ  =  Q(M  +MN)=Q(M  +  N) 

11.  (A)  The  logic  circuit  can  be  modified  as  shown  in  fig. 
S.  4.1.11 

A 
B 
C+D 
E 

Fig.  S4.1.11 

Now  Z  =  AB  +  (C  +  D)E 

12.  (D)  You  can  see  that  input  to  last  XNOR  gate  is 
same.  So  output  will  be  HIGH. 

13.  (D)  Z  =A+(AB  +  BC)  +  C 

=  A+(A  +  B  +  B  +  C)  +  C  =  aT  +  zT  +  C~ 

ABC  =A+B  +  C 

AB  +BC  +  AC  =  A  +  B  +  B  +  C  +  A  +  C  =A+B  +  C 

14.  (C)  ( X  +  Y)(X  +  Y)=XY  +  XY 

(X  +  Y){X  +  Y)(X  +  Y)  =(X  +  Y)(XY  +  XY) 

=  XY  +  XY  =XY 

15.  (B)  Using  duality 

(A  +  B)(A  +  C)(B  +  C)  =(A  +  B)(A  +  C) 

Thus  (B)  is  correct  option. 

16.  (B)  Z  =(AB)(CD){EF)  =AB  +  CD  +  EF 


17.  (A)  X  =(A  B  +  AB)(A  +  B)  =(AB  +  A  B)(AB)  =  AB 


18.  (B)  Y  =(A®  B)-C  =(AB  +  AC)  ■  C 
=  (AB  +AB)  +  C=  AB  +  AB  +  C 

19.  (C)  Z  =  A( A  +  A)BC  =  ABC 

20.  (A)  Z  =  AB(B  +  C)  =  ABC 


21.  (A)  Z  =(A  +  B)  ■  BC  =(AB)  ■  BC  =  ABC 

22.  (A)  A(A  +  B)(A  +B  +  C) 


=  (AA  +  AB)(A  +  B  +  C)  =  A(A  +  B  +  C)  =  A 

Therefore  No  gate  is  required  to  implement  this 

function. 

23.  (A) 


A 

B 

c 

(A  +  BC) 

(A  +  B)(A  +  C) 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

Fig.  S  4.1.23 

24.  (B)  X=ABC  +  ABC  +  ABC  =BC  +  ABC 


25.  (B)  (A  +  B)(B  +  C)  ={AB){BC)  =  ABC 

(A  +  B)(B  +  C)  =(A  +  B)  +  (B  +  C)  =  A  +  B  +  C 
(A  +  B)(B  +  C)  =(A  +  B)  +{B  +  C) 

=  AB  +  B  +  C=  A  +  B  +  C 
From  truth  table  Z  =  A  +  B  +  C 
Thus  (B)  is  correct. 

26.  (D)  AC +  BC=  AC{B  +  B)  +  ( A  +  A)BC 
=  ABC  +  ABC  +  ABC  +  ABC 

27.  (D )  F  =A  +  AB  +  ABC  +  AB  C{D  +  DE) 

=  A  +  AB  +  A  B(C  +  C(D  +  E)) 

=  A  +  A{B  +B(C  +  D  +  E))  =  A+  B  +  C  +  D  +  E 

28.  (B)  A(B  +  C(AB  +  AC))=AB  +  AC  (AB  ■  AC) 
=  AB  +  AC[(A  +  B)(A  +  C)] 

=  AB  +  AC  (A  +  AC  +  AB  +  BC)=AB 


29.  (C)  (AB)-(AB)=AB  +  AB  =AB  +  AB 


30.  (B)  XZ  +  XZ=  X{XY  +  XY)  +  X(XY  +  XY) 
=  X(XY  +  XY)  +  XY  =XY  +  XY  =  Y 


31.  (A)  A  ®  Y  =XY  +  XY=(XY  +  XY)  =(XY)=X  +  Y 


www.gatehelp.com 


Page 

203 


GATE  EC  BY  RK  Kanodia 


Digital  Electronics 


UNIT  4 


(A)  (w  +  y)(x  +  y  +  z)(w  +  x  +  z) 

(B)  ( w  +  x)(w  +  z)(x  +  y)(y  +  z) 

(C)  (x  +  z)(w  +  y) 

(D)  (x  +  z)[w  +  y) 

A  function  with  don’t  care  condition  is  as  follows 
f(a,  b,  c,  d)  =  lm(0, 2,  3,  5,  7,  8, 9, 10, 11)  +  Sdc(4, 15) 

The  minimized  expression  for  this  function  is 

(A)  ab  +  bd  +  cd  +  abc  (B)  ab  +  bd  +  cd  +  dbd 

(C)  ab  +  bd  +  be  +  dbd  (D)  Above  all 

3  A  function  with  don’t  cares  is  as  follows  : 

g(X,  Y,  Z)  =  Em(5,  6)  +  Edc(l,  2,  4) 

For  above  function  consider  following  expression 
l.XYZ+XYZ  2.XY  +  XZ 

3.  XZ  +XZ  +  YZ  4.  YZ  +  YZ 

The  solution  for  g  are 

(A)  1, 2,  and  3  (B)  1,  2,  and  4 

(C)  1,  and  4  (D)  1,  and  3 

J  A  logical  function  of  four  variable  is  given  as 
f(A,  B,  C,  D)  =(  A  +  B  C)(B  +  CD) 

The  function  as  a  sum  of  product  is 

(A)  A +BC  +  ACD  +  BCD 

(B)  A+BC  +  ACD  +  BCD 

(C)  AB+BC  +  ACD  +  BCD 

(D)  AB  +  AB+  ACD  +  BCD 

EQ  A  combinational  circuit  has  input  A,  B,  and  C  and 
its  K-map  is  as  shown  in  fig.  P4.2.10.  The  output  of  the 
circuit  is  given  by 


A 


CD 


00  01  11  10 

00 
01 


(A)  AC  +  AB  (B)  AC +  AB+  BC 

(C)  AB  +  BC  +  ABC  (D)  Above  all 

m  In  the  logic  circuit  of  fig.  P4.2.12  the  redundant  gate 
is 


(A)  1 
(C)  3 


y 


Fig.  P4.2.12 


(B)  2 

(D)  4 


^  If  function  W,  X,  Y,  and  Z  are  as  follow 
W  =R  +  PQ  +  RS 

X=PQRS  +PQRS  +PQRS 
Y  =  RS  +  PR  +  PQ  +  PQ 

Z  =  R  +  S  +  PQ  +  PQR  +  PQS 

Then 

(A  )W=Z,X=Z  (B)  W  =Z,  X  =  Y 

(C)W=Y  (D)  W  =  Y  =Z 


m  In  a  certain  application  four  inputs  A,  B,  C,  D  are 
fed  to  logic  circuit,  producing  an  output  which  operates 
a  relay.  The  relay  turns  on  when  f[A,  B,  C,  D)  =1  for  the 
following  states  of  the  inputs  ( ABCD )  :  0000,  0010, 
0101,  0110,  1101  and  1110.  States  1000  and  1001  do  not 
occur,  and  for  the  remaining  states  the  relay  is  off.  The 
minimized  Boolean  expression  f  is 
(A)  ACD  +  BCD  +  BCD  (B)  BCD  +  BCD  +  ACD 

(C)  ABD  +  BCD  +  BCD  (D)  ABD  +  BCD  +  BCD 

flil  There  are  four  Boolean  variables  xx,x2,  x3  and  x4. 
The  following  function  are  defined  on  sets  of  them 


Fig.  P4.2.1 

(A)  (AB  +  AB)C  (B)  (AB  +  AB  )C 

(C)  ABC  (D)  A  ©  B  0  C 

m  The  Boolean  Expression  Y  =  (A  +  B)(A  +  C )  is  equal 
to 


f(x3,  x2  ,  Xj)  =  Em(3, 4,5) 
g(x4  ,  x3 ,  x2)  =  Zm(l,  6,7) 

/i(x4  ,  x3 ,  x2  ,  x4)  =  fg 

Then  /i(x4  ,  x3 ,  x2  ,  x4)  is 
(A)  Sm(3,  12,  13)  (B)  Sm(3,  6) 

(C)  Sm(3,  12)  (D)  0 
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Statement  for  Q.16-17: 

A  switching  function  of  four  variable,  f(w,  x  y,  z)  is 
to  equal  the  product  of  two  other  function  fl  and  f2,  of 
the  same  variable  /'  =  f\  f2  .  The  function  f  and  fl  are  as 
follows  : 

f  =  Zm(4, 7, 15) 

/j  =  lm(0, 1,2, 3, 4,7,8,9,10,11,15) 

The  number  of  full  specified  function,  that  will 
satisfy  the  given  condition,  is 
(A)  32  (B)  16 

(C)  4  (D)  1 

EH  The  simplest  function  for  f2  is 

(A)  x  (B)  x 

(C)  y  (D)  y 

ITit  A  four- variable  switching  function  has  minterms  m,. 
and  m9.  If  the  literals  in  these  minterms  are 
complemented,  the  corresponding  minterm  numbers  are 
(A)  m3  and  m0  (B)  m9  and  m6 

(C)  m2  and  m0  (D)  m6  and  m9 

IQ  The  minimum  function  that  can  detect  a  “divisible 
by  3”  8421  BCD  code  digit  (representation  D8D4D2D^ )  is 
given  by 

(A)  DaD1  +  D4D2  +  D8D2D1 

(B)  D8D1  +  D4D2D1  +  D4D2D4  +  D8D4D2Dl 

(C)  D4D1  +  D4D2  +  D8D1D2D1 

(D)  D4D2D1  +  D4D2D1  +  D8D4D2D1 

^2  f{x2  ,  X1  ,  x0)  =? 


3-to-8  D° 
Xn _  j  Decoder  ^*1 


Fig.  P4.2.21 

(A)  ix  1,  2,  4,  5,  7)  (B)  2(1,  2,  4,  5,  7) 

(C)  E(0,  3,  6)  (D)  None  of  Above 


For  a  binary  half  subtractor  having  two  input  A  and 
B,  the  correct  set  of  logical  expressions  for  the  outputs 
D  =  {A  -  B)  and  X  (borrow)  are 

(A)  D  =  AB  +  AB,  X  =  AB 

(B)  D  =  AB  +  AB,  X  =  AB 

(C)  D  =  AB  +  AB,  X  =  AB 

(D)  D  =  AB  +  AB,  X  =  AB 

M  f if 2  =? 


Fig.  P4.2.22 


(A)  x0x1x2  (B)  x0  ©  x4  ©  x2 

(C)  1  (D)  0 

The  logic  circuit  shown  in  fig.  P4.2.23  implements 


(A)  D(A  UC  +  AC)  (B  )D(B®C  +  AC) 

(C)  D(B  ©  C  +  AB)  (D)  D(B  U C  +  AB) 

Statement  for  Q.24-25: 

The  building  block  shown  in  fig.  P4. 2. 24-25  is  a 
active  high  output  decoder. 
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M  The  output  X  is 

(A)  AB  +  BC+CA 
(C)  ABC 

The  output  Y  is 
(A)  A  +  B 
(C)  C  +  A 


(B )  A+B  +  C 

(D)  None  of  the  above 

(B)  B  +  C 

(D)  None  of  the  above 


Mz2  =  ? 

(A)  ab  +  be  +  ca 
(C)  abc 

ETil  This  circuit  act  as  a 
(A)  Full  adder 

(C)  Full  subtractor 


(B)  a  +  b  +  c 
(D)  a  U  b  U  c 

(B)  Half  adder 
(D)  Half  subtractor 


A  logic  circuit  consist  of  two  2x4  decoder  as  shown 
in  fig.  P4.2.26. 


The  output  of  decoder  are  as  follow 
D0  =  1  when  A0  =  0,  A1  =0 
D1  =  1  when  A0  =  1,  A1  =  0 
D2  =  1  when  A0  =  0,  A1  =  1 
D3  =  1  when  A0  =  1,  A:  =  1 

The  value  of  fix,  y,  z)  is 
(A)  0  (B)  z 

(C)  z  (D)  1 

Statement  for  Q.27-29: 

A  MUX  network  is  shown  in  fig.  P4. 2. 27-29. 


Fig.  P4.2.27-29 


The  network  shown  in  fig.  P4.2.30  implements 


A 


B  — 

1  MUX 

o— 

O 

CQ 

o 

C 


1  MUX 

0  o 
°o 


Fig.  P4.2.30 


(A)  NOR  gate  (B)  NAND  gate 

(C)  XOR  gate  (D)  XNOR  gate 


The  MUX  shown  in  fig.  P4.2.31  is  4  x  1  multiplexer. 
The  output  Z  is 

h 

/2  MUX  _ z 

h 

7°Si  So 

+5  V  A  B 
Fig.  P4.2.31 


(A)  ABC  B)  A  ®  B  ®  C 

(C)AUBUC  (D)  A  +  B  +  C 


^3  The  output  of  the  4x1  multiplexer  shown  in  fig. 
P4.2.32  is 


Y— 
+5  V  - 
X- 


T _ 

h 

-c 

/a  MUX 

h 

I°s1  s0 

—z 


—  Y 

Fig.  P4.2.32 


^  Zj  =  ? 

(A)  a  +  b  +  c 
(C)  aU&Uc 


(A)  X  +  Y  (B)  X  +  Y 

(C)  XY  +  X  (D)  XY 
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The  MUX  shown  in  fig.  P4.2.33  is  a  4x1 
multiplexer.  The  output  Z  is 


(A)  A  ©  C 
(C)  B  ®  C 

13  f=? 


A  B 

Fig.  P4.2.33 

(B)  A  UC 

(D)  B  UC 


Fig.  P4.2.34 


(A)  wxyz  +  wxyz  +  xy  +  yz 

(B)  wxyz  +  wxyz  +  xy  +  yz 

(C)  wxyz  +  wxyz  +  yz  +  zx 

(D)  wxyz  +  wxyz  +  gz  +  zx 


gJSJ  The  4— to— 1  multiplexer  shown  in  fig.  P4.2.36 
implements  the  Boolean  expression 


h 

h 

lci  MUX 

Ix 

z  — 

— Z 

12  MUX 

Ix 

I°s1  S0 

0  — 

I°s1  s0 

Fig.  P4.2.36 

f(w,x,y,z)  =  T.m(4,  5,  7,  8,  10,  12,  15) 

The  input  to  7,  and  I3  will  be 

(A)  yz  ,  y  +  z  (B)  y  +  z,  y  U z 

(C)  y  +  z,  y  ©  z  (D)  x  +  y  ,  y  ©  z 

^7?  The  8-to-l  multiplexer  shown  in  fig.  P4.2.37  realize 
the  following  Boolean  expression 


0  w  x  y 

Fig.  P4.2.37 


(A)  wxz  +  wxz  +  wyz  +  xyz 

(B)  wxz  +  wyz  +  wyz  +  wxy 

(C)  w  x z  +  wy  z  +  wyz  +  wxz 

(D)  MUX  is  not  enable 


For  the  logic  circuit  shown  in  fig.  P4.2.35  the  output 
Y  is 


C 
B 
A—i 


n  i:i 


'  ]  h  h  L  C  /6  /7 


EN 

Si 

So 


MUX 


Y 

Fig.  P4.2.35 


(A)  A  ©  B 


(B)  A  ®  B 


(C)  A  ©  B  ©  C 


(D)  A  ®  B  ©  C 


Statement  for  Q.38-40: 


A  PL 

— — 

A  reali 

zation 

is  sho 

wn  in 

fig.  p 

4.2.38-40 

— li? — 

i> — 

V 

J  V 

JL 

JL 

ji 

JL 

J~Vf 

n _ y  ' 1 

rvf 

i - 

- 5 

i _ y[l 

H  X/:  i 

Fig.  P.4.2.38-40 
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13  /j(x2  ,x1,xQ)  =  l 
(A)  x2x0  +  x1xQ 
(C)  x2  ©  x0 

f2(x 2  ,  Xj  ,  x0 )  =  ? 

(A)Zm(l,  2,  5,  6) 
(C)  Xm(2,  3,  4) 

/gC  X2  ,  Xj  ,  Xq  )  —  ? 

(A)  nM(0,  4,  6,  7) 
(C)  riM(l,  2,  3,  5) 


(B)  x2x0  +  xxx2 
(D)  x2  Ux0 

(B)  Zm(l,  2,  6,  7) 
(D)  None  of  the  above 

(B)  nM(2,  4,  5,7) 

(D)  ELM(2,  3,  4,  7) 


If  the  input  X:X,XiX,)  to  the  ROM  in  fig.  P4.2.41 
are  8-4-2-1  BCD  numbers,  then  output  Y:l  Y2 Y{  Y0  are 


X3  X,  X  x0 


BCD  to  Decimal  Decoder 


Z)q  Dj  P2  P3  P4  P5  P6  Drj  P8  Dq 


AAA. 

VVV 

AAA. 

v  *3 

VVV 

AAA. 

7  > 
LJ 

VVV 

AAA. 

*  1 

VVV 

Fig.  P4.2.41 


(A)  2-4-2-1  BCD  number  (B)  gray  code  number 
(C)  excess  3  code  converter  (D)  none  of  the  above 


S3  It  is  desired  to  generate  the  following  three  Boolean 
function 

/j  =  abc  +  abc  +  be 
f2  =  abc  +  ab  +  abc, 
f3  =  abc  +  abc  +  ac 

by  using  an  OR  gate  array  as  shown  in  fig.  P4.2.42 
where  I\  and  P-  are  the  product  terms  in  one  or  more 
of  the  variable  a,a,b,b,c  and  c. 


P  i 
Pi 

P3 

P4 

A 


it — 


->(r- 


The  terms  P1,P2,P3,  P4  and  P5  are 
(A)  ab,  ac,  be,  be,  ab  (B)  ab,  be,  ac,  ab,  be 

(C)  ac,  ab,  be,  ab,  be  (D)  Above  all 


The  circuit  shown  in  fig.  P.4.2.43  has  4  boxes  each 
described  by  input  P,  Q,  R  and  output  Y,  Z  with 
Y  =P  ©  Q  ©  R  and  Z  =  RQ  +  PR  +  QP. 


Q 


Output 


Fig.  P4.2.43 


The  circuit  act  as  a  4  bit 

(A)  adder  giving  P  +  Q 

(B)  sub  tractor  giving  P  -  Q 

(C)  sub  tractor  giving  Q  -P 

(D)  adder  giving  P  +  Q  +  R 


^  The  circuit  shown  in  fig.  P4.2.44  converts 


MSB 


MSB 


Fig.  P4.2.44 


(A)  BCD  to  binary  code 

(B)  Binary  to  excess 

(C)  Excess-3  to  Gray  Code 

(D)  Gray  to  Binary  code 
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RS 

00  01  11  10 


Fig.  S  4.2.13c 


Z  =  R  +  S  +  PQ  +  PQR+  PQS=  R  +  S  +  PQPQ  RPQ  S 
=  R  +  S  +  (P  +  Q)(P  +Q  +  R)(P  +Q  +  S) 

=  R  +  S  +  (PQ  +  PR  +  QP  +  QR)(P  +Q  +  S) 

=  R  +  S  +  PQ  +  PQS  +  PR  +  PRQ  +  PRS  +  QPS  +  QPR  +  QRS 


RS 


Fig.  S  4.2.13d 


=  R  +  S  +  PQ 

We  can  see  that  W  =  Z,  X  =  Z 
14.  (D)  ABD  +  BCD  +  BCD 

CD 

00  01  11  L  10 


Fig.  S  4.2.14 


15.  (A)  f  =  x3x2x1  +  x3x2x4  +  =  x3x2x3  +  x3x2 


§  —  +  X^X^2  +  X4X3X2  —  X4X2X2  ~t~  X^Xg 

fg  =  x4  x3x2  x3  +  x4x3x2 
h  =  £m(3,  12,  13) 


16.  (A)  f  =  Lm(4,  7,  15), 

fx  =Zm(0,  1,  2,  3,  4,  7,  8,  9,  10,  11,  15) 
f2  =  2m(4,  7,  15)  +  Zdc(5,  6,  12,  13,  14) 

There  are  5  don’t  care  condition.  So  2 5  =  32  different 
functions  f2  . 

17.  (A)  f2  =  Em(4,  7,  15)  +  £dc(5,  6,  12,  13,  14),  f2=x 

yz 


00 

01 

11 

10 

00 

0 

0 

0 

0 

01 

1 

X 

1 

X 

11 

X 

X 

1 

X 

10 

0 

0 

0 

0 

Fig.  S  4.2.17 

18.  (B)  m6  =  ABCD  ,  m9  =  ABCD 
After  complementing  literal 

m'6  =  AB  CD  =  m9  ,  m'9  =  ABCD  =  m6 

19.  (B)  0,  3,  6  and  9  are  divisible  by  3 

00 


11 

10 


d2d4 

00  01  11  10 


1 

1 

1 

X 

X 

X 

X 

1 

X 

X 

Fig.  S  4.2.19 

f  =  DsD1  +  D4D2D1  +  D4D2D1  +  Ds  D4  D2  D4 


20.  (B)  f  =  Xm(0,  3,  6)  =Zm(l,  2,  4,  5,  7) 

21.  (C)  D  =  AB  +  AB,  X  =AB 


A 

B 

D 

X 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 

Fig.  S  4.2.20 
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22.  (D)  /;  =  Em(0,  2,  4,  6), 
f2  =  Sm(l,  3,  5,  nfj2=0 

23.  (D)  Z  =  D(ABC  +  ABC  +  ABC  +  ABC  +  ABC) 
=  B(AB(C  +  C)  +  BC(A  +  A)  +  ABC) 

=  D(AB  +BC  + ABC)  =D(B(A  +  AC)  +  BC) 

=  D(BA  +BC+  BC)  =D(B  UC  +  AS) 


29.  (A)  The  equation  of  Z1  is  the  equation  of  sum  of  A 
and  B  with  carry  and  equation  of  2  is  the  resultant 
carry.  Thus,  it  is  a  full  adder. 

30.  (B)  f  =CD  +  CB=CB  ,  S  =  F1 
f=f1  +  /jA  =CB  +  CBA  =CB  +  A 

=  C  +B  +A=ABC 


24.  (A)  A  =  Zm(3,  5,  6,  7),  X  =  AB  +  BC  +  CA 

25.  (D)  Y  =Im(l,  3,  5,  7),  Y=C 


BC 

00  01  11  10 

00  1 

A  - - - - - - 

01  111 


Fig.  S4.2.24 


26.  (D)  D0  =  A1A0 ,  Dl  =  A, A0 ,  D2  =  A, A0  , 

BC 

00  01  11  10 

00  11 

A  - — — - r 

01  11 


Fig.  S4.2.25 


31.  CD)  Z  =  ABC  +  AB  +  AB  +  AB 

=  A(BC  +  B)  +  A(B  +B)  =A(B  +  C)  + A=A+B  +  C 

32.  (A )z=xy  +  xy  +  xy,  Z=X  +  Y 

33.  (A)  Z  =  ABC  +  ABC  +  ABC  +  ABC 
=  AC  +  AC  =A®  C 

34.  (A)  The  output  from  the  upper  first  level 
multiplexer  is  fa  and  from  the  lower  first  level 
multiplexer  is  fb 

fa  =  wx  +  wx,  fb  =  uJx  +  wx  =  x 
f  =  fayz  +  f\yz  +  yz  =Cwx  +  wx)yz  +  xyz  +  yz 
=  wxyz  +  wxyz  +  xy  +  yz 

35.  (D)  Output  is  1  when  even  parity 


00 

C 

01 


BA 

00  01  11  10 


D3  -  AjA,, 

For  first  decoder  A0  =  x  ,  A1  =  y,  D2=yx  ,  D3  =  xy 
For  second  decoder  A1  =D2D3  =yxxy  =0,  A0  =z 
f  =D0  +  D3  =  A3A0  +  Aj  A0  =  Aj  =  1 

27.  (D)  The  output  of  first  MUX  is 
Za  =ab  +  ab  =  (a  ©  b) 

This  is  input  to  select  S0  of  both  second-level  MUX 
Zt  =  CS0  +  CS0  =  C©B0=a©6©c 

28.  (A)  Z2  =  bS0  +  cS0 

=  b(ab  +  ab)  +  c(ab  +  ab)  =ab  +  abc  +  abc 
=  a(b  +  be)  +  abc  =ab  +  ac  +  abc 
=  ab  +  ac  +  be 


Fig.  S4.2.35 


Therefore  Y  -  A  ©  B  ©  C 
36.  (B)  7,  =y  +  z  ,  I3=y  z 


yz 


SA, 
I  X 

W  X 


00 

01 

11 

10 

00 

0 

0 

0 

0 

01 

1 

1 

1 

0 

11 

1 

0 

1 

0 

10 

1 

0 

0 

1 

Fig.  S  4.2.36 


70=0 
h=y  +  z 

I3=yz  +  yz  =  yUz 

1 2  ~  2 
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37.  (C)  Let  z  =0,  Then 

f  =  wxy  +  wxy  +  wxy  +  wxy  =wx+wy 
If  we  put  z  =  0  in  given  option  then 
( A)=wx  +  xy  (B)  =  wy  +  w  x  y  (C)  =wx  +  wy 

Since  MUX  is  enable  so  option  (C)  is  correct. 

38.  {C)f  =  x0x2  +  x0 x4x2  +  x0x2  =  x0x2(l  +  5cj)  +  x0x2 

—  Xq^2  "I"  XqX^ 

39.  (B)  f2  =  x0x1  +  x1x2  +  x0x4x2 

—  XqX^X2  +  XqX^X2  “f"  X^X2Xq  +  +  XqX^X2 

=  +  X2  X^  Xq  +  X2  X^  Xq  +  X2  X-^  Xq 

f2{x2 ,  x4  ,  z0)  =  Im(l,  2,  6,  7) 

40.  (C)  f3  =  x0x,  +  x-lx2 

—  X2  Xj  Xq  “I”  X2  X^  Xq  “I”  X2  X^  Xq  “t~  *^2  *^0 

f3(x2  ,  x1  ,  x0)  =  2m(0,  4,  6,  7) 
f:!(x2 ,  xx ,  x0)  =  nM(l,  2,  3,  5) 

41.  (A) 

Let  X3X2X1X0  be  1001  then  Y,Y.,YI  Y0  will  be  1111. 
Let  X.fX2X,XQ  be  1000  then  YfY2YxY0  will  be  1110 
Let  XgX^X-^Xg  be  0110  then  YfY2YfY0  will  be  1100 

be 

00  01  11  10 
00  I  I  1  I  1 

a 

01  11 


Fig.  S4.2.42a 


42.  (A)  f  ~abc  +  abc  +  be  =  ac  +  ab 
f2  =abc  +  ab  +  abc  =ac  +  be 
f3=abc  +  abc  +  ac  =ab  +  be 

Thus  P1  =  ab,  P2  =  ac,  P,  =  be,  P4  =  be,  P5  =  ab 

43.  (B)  Let  P  =  1001  and  Q  =  1010  then 

Y  =P  ©  Q  ®  R  ,  Z  =R  Q  +P  R  +Q  P 
output  is  1111  which  is  2’s  complement  of  -1.  So  it  gives 
P -Q  .  Let  another  example  P=1101  and  Q  =0110 
then  output  is  00111.  It  gives  P-Q. 

So  (B)  is  correct. 


p„ 

Qn 

Rn 

z* 

n 

n  =  1 

1 

0 

0 

0 

1 

n=  2 

0 

1 

0 

1 

1 

n  =  3 

0 

0 

1 

1 

1 

n  =  4 

1 

1 

1 

1 

1 

Fig.  S4.2.43a 

1 

Pn 

Qn 

Rn 

zn 

n 

n  =  1 

1 

0 

0 

0 

1 

n=  2 

0 

1 

0 

1 

1 

n  =  3 

1 

1 

1 

1 

1 

7Z  —  4 

1 

0 

1 

0 

0 

0 

Fig.  S4.2.43b 


be 

00  01  11  10 
00  I  I  I  1 

a 

01  111 


Fig.  S4.2.42b 


44.  (D)  Let  input  be  1010 
output  will  be  1101 
Let  input  be  0110 
output  will  be  0100 
This  convert  gray  to  Binary  code 


be 

00  01  11  10 
00  1  I  1  I  1 

a 

01  1 


Fig.  S4.2.42b 


So  this  converts  2-4-2— 1  BCD  numbers. 
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Fig.P4.3.11 

(A)  a  MOD-2  counter 

(B)  a  MOD-3  counter 

(C)  generate  sequence  00,  10,  01,  00 . 

(D)  generate  sequence  00,  10,  00,  10,  00 


(A)  24 
(C)  25 


(B)  48 
(D)  36 


The  frequency  of  the  pulse  at  z  in  the  network 
shown  in  fig.  P4.3.15.  is 

n n 


m  The  counter  shown  in  fig.  P4.3.12  is  a 


10-Bit 

w 

4-Bit  Parallel 

X 

Mod-25 

y 

4-Bit  Johnson 

Ring  Counter 

Counter 

Ripple  Counter 

Counter 

(A)  10  Hz 
(C)  40  Hz 


Fig.P4.3.15 

(B)  160  Hz 
(D)  5  Hz 


[0  The  three-stage  Johnson  counter  as  shown  in  fig. 
P4.2.16  is  clocked  at  a  constant  frequency  of  fc  from  the 
starting  state  of  Q2QiQ0  =  101.  The  frequency  of  output 
Q2Q1Q0  will  be 


(A)  MOD-8  up  counter 

(B)  MOD-8  down  counter 

(C)  MOD-6  up  counter 

(D)  MOD-6  down  counter 


Fig.P4.3.16 
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(A)  L 

8 

(B)  L 

6 

(o  4 

(D)  4 

3  2 


m  The  counter  shown  in  the  fig.  P4.3.17  has  initially 
Q2Q1Q0  =  000.  The  status  of  Q2Q1Q0  after  the  first  pulse 
is 


Fig.P4.3.17 


(A)  0  0  1  (B)  0  1  0 

(C)  1  0  0  (D)  1  0  1 

EE2  A  4  bit  ripple  counter  and  a  4  bit  synchronous 
counter  are  made  by  flips  flops  having  a  propagation 
delay  of  10  ns  each.  If  the  worst  case  delay  in  the  ripple 
counter  and  the  synchronous  counter  be  R  and  S 
respectively,  then 

(A)  R  =  10  ns,  S  =  40  ns  (B)  R  =  40  ns,  S  =  10  ns 

(C)  R  =  10  ns,  S  =  30  ns  (D)  R  =  30  ns,  S  =  10  ns 


In  the  circuit  shown  in  fig.  P4.3.21  is  PIPO  4-bit 
register,  which  loads  at  the  rising  edge  of  the  clock.  The 
input  lines  are  connected  to  a  4  bit  bus.  Its  output  acts 
as  the  input  to  a  16  x  4  ROM  whose  output  is  floating 
when  the  enable  input  E  is  0.  A  partial  table  of  the 
contents  of  the  ROM  is  as  follows 


Address 

0 

2 

4 

6 

8 

10 

12 

Data 

0011 

1111 

0100 

1010 

1011 

1000 

0010 

The  clock  to  the  register  is  shown  below,  and  the 
data  on  the  bus  at  time  tx  is  0110. 


E0  A  4  bit  modulo-6  ripple  counter  uses  JK  flip-flop.  If 
the  propagation  delay  of  each  FF  is  50  ns,  the 
maximum  clock  frequency  that  can  be  used  is  equal  to 
(A)  5  MHz  (B)  10  MHz 

(C)  4  MHz  (D)  20  Mhz 


The  initial  contents  of  the  4-bit  serial-in-parallel-out 
right-shift,  register  shown  in  fig.  P4.3.20  is  0  1  1  0. 
After  three  clock  pulses  are  applied,  the  contents  of  the 
shift  register  will  be 


(A)  0  0  0  0 
(C)  1  1  1  1 


Fig.P4.3.20 


(B)  0  1  0  1 
(D)  1  0  1  0 


CLK - i -  i  - 

!  ! 

t1  t2 

Fig.  P4.3.21 

The  data  on  the  bus  at  time  t2  is 
(A)  1  1  1  1  (B)  1  0  1  1 

(C)  1  0  0  0  (D)  0  0  1  0 

^3  A  4-bit  right  shift  register  is  initialized  to  value 
1000  for  (Qa  ,Q2,Q1  ,  Q0).  The  D  input  is  derived  from 
Q0  ,  Q2  and  Q3  through  two  XOR  gates  as  shown  in  fig. 
P4.2.22.  The  pattern  1000  will  appear  at 


D  Qo  Qi  £i 

h  Q3 
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(A)  3rd  pulse  (B)  7th  pulse 

(C)  6th  pulse  (D)  4th  pulse 

Statement  for  Q.23-24: 

The  8-bit  left  shift  register  and  jD-flip-flop  shown 
in  fig.  P4. 3. 22-23  is  synchronized  with  same  clock.  The 


brj 

b6  &5  b 

t>3 

b2  bi  £ 

o  * 

CLK —  > 

D  Q 

Q 

Fig.P4.3. 23-24 


To  count  from  0  to  1024  the  number  of  required 
flip-flop  is 

(A)  10  (B)  11 

(C)  12  (D)  13 

^3  Four  memory  chips  of  16  x  4  size  have  their  address 
buses  connected  together.  This  system  will  be  of  size 
(A)  64  x  4  (B)  32  x  8 

(0  16x16  (D)  256x1 

i  i  j  The  address  bus  width  of  a  memory  of  size  1024  x  8 
bits  is 

(A)  10  bits  (B)  13  bits 

(C)  8  bits  (D)  18  bits 


D  flip-flop  is  initially  cleared. 

5ES1  The  circuit  act  as 

(A)  Binary  to  2’s  complement  converter 

(B)  Binary  to  Gray  code  converter 

(C)  Binary  to  l’s  complement  converter 

(D)  Binary  to  Excess-3  code  converter 

^3  If  initially  register  contains  byte  B7,  then  after  4 
clock  pulse  contents  of  register  will  be 
(A)  73  (B)  72 

(C)  7E  (D)  74 

Statement  for  Q.25-26: 

A  Mealy  system  produces  a  1  output  if  the  input 
has  been  0  for  at  least  two  consecutive  clocks  followed 
immediately  by  two  or  more  consecutive  l’s. 

^3  The  minimum  state  for  this  system  is 
(A)  4  (B)  5 

(C)  8  (D)  9 


For  the  circuit  of  Fig.  P4.3.31  consider  the 
statement: 

Assertion  (A)  :  The  circuit  is  sequential 
Reason  (R)  :  There  is  a  loop  in  circuit 


Fig.P4.3.131 


Choose  correct  option 

(A)  Both  A  and  R  true  and  R  is  the  correct 
explanation  of  A 

(B)  Both  A  and  R  true  but  R  is  not  a  correct 
explanation  on  of  A 

(C)  A  is  true  but  R  is  false 

(D)  A  is  false 


&fi?  The  flip-flop  required  to  implement  this  system  are 
(A)  2  (B)  3 

(C)  4  (D)  5 


The  output  of  a  Mealy  system  is  1  if  there  has  been 
a  pattern  of  11000,  otherwise  0.  The  minimum  state  for 
this  system  is 

(A)  4  (B)  5 

(C)  6  (D)  7 
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SOLUTIONS 

1.  (C)  Given  FF  is  a  negative  edge  triggered  T  flip-flop. 
So  at  the  negative  edge  of  clock  Vt  FF  will  invert  the 
output  if  there  is  1  at  input. 

2.  (A)  At  first  rising  edge  of  clock,  D  is  HIGF1.  So  Q  will 
be  high  till  2nd  rising  edge  of  clock.  At  2nd  rising  edge, 
D  is  low  so  Q  will  be  LOW  till  3rd  rising  edge  of  clock. 
At  3rd  rising  edge,  D  is  HIGH,  so  Q  will  be  HIGH  till 
4th  rising  edge.  At  4th  rising  edge  D  is  HIGH  so  Q  will 
be  HIGH  till  5th  rising,  edge.  At  5th  rising  edge,  D  is 
LOW,  so  Q  will  be  LOW  till  6th  rising  edge. 


3.  (C) 


X 

Q 

s 

R 

Q+ 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

1 

0 

Fig.  S4.3.3 

4.  (D)  Q+  =  x®  Q 

Qi  =  x1  ©  Q0  =  XjO  +  TjO  =  x1 
Q %  =  x2  ©  xx  ,  Q3  =  x3  ©  x2  ©  x1 
Ql  =  x4  ©  x3  ©  x2  ©  x1 

So  this  generate  the  even  parity  and  check  odd  parity. 

5.  (C) 


A 

B 

S 

R 

Q 

Q+ 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

X 

1 

1 

1 

1 

1 

X 

Fig.  S4.3.5 

Q+  =  AB  +  AQ  =  AB  +  BQ 


6.  (D)  Q+  =  LM  +  LMQ 
=  L(M  +MQ) 

=  LM  +  LQ 


L 

M 

Q+ 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

Qi 

Fig.  S4.3.6 


7.  (D) 


Initially 

J 

K 

Q 

Q 

Qn  +  l 

Qn  +  l 

1 

0 

1 

Clock  1st 

1 

1 

0 

1 

1 

0 

2nd 

0 

1 

1 

0 

0 

1 

3rd 

1 

1 

0 

1 

1 

0 

4th 

0 

1 

1 

0 

0 

1 

5th 

1 

1 

0 

1 

1 

0 

Fig.  S4.3.7 


Therefore  sequence  is  010101. 

8.  (A)  A  B  X  Y 

110  1 
10  0  1 
X  and  Y  are  fixed  at  0  and  1. 


9.  (D)  Z  =XQ  +  YQ 


X 

Y 

z 

0 

0 

Q 

0 

1 

0 

1 

0 

1 

1 

1 

Qi 

Fig.  S4.3.9 


Comparing  from  the  truth  table  of  J-K  FF 
Y  =J,  X  =K 
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10.  (C) 


Q  i 


o 


l 

D2=Q1 


Fig.S4.3.10 


11.  (B) 


Present  State 

FF  Input 

Next  State 

Qa 

Qb 

ta 

T 

1B 

QI  Qb 

0 

0 

0 

1 

0 

1 

0 

l 

1 

1 

l 

0 

1 

0 

1 

0 

0 

0 

1 

l 

1 

1 

0 

0 

Fig.  S4.3.11 

From  table  it  is  clear  that  it  is  a  MOD-3  counter. 

12.  (B)  It  is  a  down  counter  because  0  state  of  previous 
FFs  change  the  state  of  next  FF.  You  may  trace  the 
following  sequence,  let  initial  state  be  0  0  0 


FF  C 

FF  B 

FF  A 

JK  C 

JK  B 

JKA 

C+B+A+ 

111 

111 

111 

111 

0  0  0 

000 

110 

110 

0  0  0 

110 

111 

10  1 

0  0  0 

00  1 

110 

100 

111 

111 

111 

Oil 

0  0  1 

000 

110 

0  10 

0  0  1 

110 

111 

00  1 

0  0  0 

00  1 

110 

000 

Fig.  S4.3.12 

13.  (C)  It  is  a  down  counter  because  the  inverted  FF 
output  drive  the  clock  inputs.  The  NAND  gate  will  clear 
FFs  A  and  B  when  the  count  tries  to  recycle  to  111.  This 
will  produce  as  result  of  100.  Thus  the  counting 
sequence  will  be  100,  Oil,  010,  001,  000,  100  etc. 


14.  (A)  It  is  a  5  bit  ripple  counter.  At  11000  the  output 
of  NAND  gate  is  LOW.  This  will  clear  all  FF.  So  it  is  a 
Mod-24  counter.  Note  that  when  11000  occur,  the 
CLR  input  is  activated  and  all  FF  are  immediately 
cleared.  So  it  is  a  MOD  24  counter  not  MOD  25. 

15.  (D)  10-bit  ring  counter  is  a  MOD-10,  so  it  divides 
the  160  kHz  input  by  10.  therefore,  w  =  16  kHz.  The 
four-bit  parallel  counter  is  a  MOD-16.  Thus,  the 
frequency  at  x  =  1  kHz.  The  MOD-25  ripple  counter 
produces  a  frequency  at  y  =  40  Hz.  (1  kHz/25  =40  Hz). 
The  four-bit  Johnson  Counter  is  a  MOD-8.  This,  the 
frequency  at  z  =5  Hz. 

16.  (D) 


Qo  Qo 

Q2  Q2 

Qi  Qi 

j2  K2 

Ji  Kl 

J0  K0 

Qz  Q,  Qo 

101 

0  1 

1  0 

0  1 

010 

1  0 

0  1 

1  0 

101 

0  1 

1  0 

0  1 

010 

1  0 

0  1 

1  0 

101 

Fig.  S4.3.16 

We  see  that  10  1  repeat  after  every  two  cycles,  hence 
frequency  will  be  fc  /  2  . 

17.  (C)  At  first  cycle 

^2*2=10  =>  Qi  =  b 

J1K1  =00  =>  Q,  =1, 

JoKo=0  0  =>  Q0  =0 

18.  (B)  In  ripple  counter  delay  4 Td  =  40  ns. 

The  synchronous  counter  are  clocked  simultaneously, 
then  its  worst  delay  will  be  equal  to  10  ns. 

19.  (A)  4  bit  uses  4  FF 

Total  delay  Ntd  =  4  x  50  ns  =200  x  10~9 

f= - 1 - -  =5  Mhz 

200  x  10“9 


20.  (D)  At  pulse  1  input,  1  ©  0  =1 
So  contents  are  10  11, 

At  pules  2  input  1  ©  1  =  0‘ 

So  contents  are  0  10  1, 

At  pules  3  input  0  ©  1  =  1,  contents  are  10  10 
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Statement  for  Q.l-2: 

Consider  the  DL  circuit  of  fig.  P4.4.1-2. 

+5  V 


Fig.  P4.4.1-2 

3  For  positive  logic  the  circuit  is  a 
(A)  AND  (B)  OR 

(C)  NAND  (D)  NOR 

3  For  negative  logic  the  circuit  is  a 
(A)  AND  (B)  OR 

(C)  NAND  (D)  NOR 


The  diode  logic  circuit  of  fig.  P4.4.3  is  a 

vio - >| - 


2° - X- 


-oV„ 


Fig.  P4.4.3 


3  In  the  circuit  shown  in  fig.  P.4.4.4,  the  output  Z  is 

+5  V  +5  V 


(A)  AB  +  C  (B)  ABC 

(C)  ABC  (D)  ABC 

Statement  for  Q.5-7: 

Consider  the  AND  circuit  shown  in  fig.  P4.4.5-7. 
The  binary  input  levels  are  V(0)  =  0  V  and  VXD  =25  V. 
Assume  ideal  diodes.  If  V1  =  V(0)  and  V2  =  V(P,  then  Va 
is  to  be  at  5  V.  However,  if  V1  =  V2  =  V(D,  then  V0  is  to 
rise  above  5  V. 


v 

ss 


3  If  Vss  =20  V  and  Vj  =  V2  =V(D,  the  diode  current 
I  m  >  I  r>2’  ar>d  I  Du  are 
(A)  1  mA,  1  mA,  4  mA 
(C)  5  mA,  5mA,  1  mA 
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3  If  Vss  =  40  V  and  both  input  are  at  HIGH  level  then, 
diode  current  ID1 ,  Im  and  ID0  are  respectively 

(A)  0.4  mA,  0.4  mA,  0  (B)  0,  0,  1  mA 

(C)  0.4  mA,  0.4  mA,  1  mA  (D)  0,  0,  0 


2  The  maximum  value  of  Vss  which  may  be  used  is 
(A)  30  V  (B)  25  V 

(C)  125  V  (D)  20  V 


3  The  ideal  inverter  in  fig.  P4.4.8  has  a  reference 
voltage  of  2.5  V.  The  forward  voltage  of  the  diode  is  0.75 
V.  The  maximum  number  of  diode  logic  circuit,  that 
may  be  cascaded  ahead  of  the  inverter  without 
producing  logic  error,  is 


+5  V  +5  V  +5  V 


(C)  5  (D)  9 


+5  V 


z 


+vcc 


[0  For  positive  logic  the  gate  is 
(A)  AND  (B)  OR 

(C)  NAND  (D)  NOR 

EB  For  negative  logic  the  gate  is 
(A)  AND  (B)  OR 

(C)  NAND  (D)  NOR 

Statement  for  Q.  12-13: 

Consider  the  RTL  circuit  of  fig.  P4. 4. 12-13. 


+vcc 


3  Consider  the  TTL  circuit  in  fig.  P4.4.9.  The  value  of 
VH  and  V,  are  respectively 


+5  V 


(A)  5  V,  0  V  (B)  4.8  V,  0  V 

(C)  4.8  V,  0.2  V  (D)  5  V,  0.2  V 

Statement  Q.10-11: 

Consider  the  resistor  transistor  logic  gate  of  fig. 
P4.4.10-11. 


m  If  Vol  is  taken  as  the  output,  then  circuit  is  a 
(A)  AND  (B)  OR 

(C)  NAND  (D)  NOR 

FE1  If  Vo2  is  taken  as  output,  then  circuit  is  a 
(A)  AND  (B)  OR 

(C)  NAND  (D)  NOR 

Statement  for  Q.14-15: 

Consider  the  TTL  circuit  of  fig.  P4.4.14.  If  either  or 
both  Vi  and  V2  are  logic  LOW,  Q1  is  driven  to 
saturation. 
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The  circuit  shown  in  fig.  P4.4.22  is 


Fig.  P4.4.22 


(A)  NAND 

(B)  NOR 

(C)  AND 

(D)  OR 

The  circuit  shown 

in  fig.  P4.4.23  acts  as  a 

+vdd 

^ - OY 

>■ 

JL 

M1  |— O/i 

Fig.  P4.4.23 

(A)  NAND  (B)  NOR 

(C)  AND  (D)  OR 

i  i  !  The  circuit  shown  in  fig.  P4.4.24  implements  the 
function 


(A)  ABC  +  ABC  (B  ABC  +  (A  +  B  +  C) 

(C)  ABC  +  (A  +  B  +  C)  (D)  None  of  the  above 


^3  The  circuit  shown  in  fig.  P4.4.25.  implements  the 
function 


+Vdd 


Fig.  P4.4.25 

(A)  (A  +  B)C  +  D  (B)  (AB  +  C)D 

(C)  (A  +  B)C  +  D  (D)  (AB  +  C)D 


^3  Consider  the  CMOS  circuit  shown  in  fig.  P4.4.26. 
The  output  Y  is 

+vdd 


Fig.  P4.4.26 

(A)  (A  +  C)B  (B)  (. A  +  B)C 

(C )  AB  +  C  (D)  AB  +  C 


^2  The  CMOS  circuit  shown  in  fig.  P4.4.27  implement 

+5  V 


(A )  AB  + CD +  E 
(C )  AB  + CD +  E 
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(B)  ( A  +  B)(C  +  D)E 
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Vi 

v2 

v0 

Actual 

Logic 

Actual 

Logic 

Actual 

Logic 

vH 

1 

vH 

1 

VcE(sat) 

0 

VL 

0 

v. 

0 

VCE 

1 

VH 

1 

VL 

0 

^CE(sat) 

0 

V, 

0 

VH 

1 

^CE(sat) 

0 

13.  (B)  The  Q3  stage  is  simply  an  inverter  (a  NOT  gate). 

Thus  output  Vo2  is  the  logic  complement  of  V0l  . 
Therefore  this  is  a  OR  gate. 


14.  (A)  When  Q,  is  saturated,  Vo1  is  logic  LOW 
otherwise  V0l  is  logic  HIGH.  The  following  truth  table 
shows  AND  logic 


Vi 

V0l 

1 

1 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

15.  (C)  The  Q2  stage  is  simply  an  inverter.  Thus  output 
Vo2  is  the  logic  complement  of  Vo1  . 

16.  (C)  If  Vl  =  V2  <  VL,  V0l  »  Vcc.  If  V,(V2)  >  VH  ,  while 
V2(V,)<VL  ,Q,(Q2)  is  ON  and  Q2(Q4)  is  OFF  and 
Vol  ~  Vcc.  If  V,  =  V2  >  VH  ,  both  Q,  and  Q2  are  ON  and 
V0l  ~  2VCE(sat).  The  truth  table  shows  NAND  logic 


Vi 

v2 

Actual 

Logic 

Actual 

Logic 

Actual 

Logic 

vL 

0 

v. 

0 

Vcc 

1 

VH 

1 

vL 

0 

Vcc 

1 

VL 

0 

VH 

1 

Vcc 

1 

VH 

1 

VH 

1 

2V 

*  V  CE(sat) 

0 

17.  (A)  The  Q3  stage  is  simple  an  inverter.  Hence  AND 
logic. 


18.  (C)  For  each  successive  gate,  that  has  a  transistor  in 
saturation,  the  current  required  is 


r  _  I C(sat)  _  Vcc  ^CE(sat) 

B(sat)  ~  p  “  p#c 


5  -0.2 
50(640) 


=  0.15  mA 


For  n  attached  gate  I0  =  nIB(sat). 

To  assure  no  logic  error  Va  =  Vcc  - I,RC  >  VH  =  3.5  V 


Vcc  -35  _  5  -  3.5 

RJbm  -  640(0.15m) 


n  <  15 


19.  (A)  Let  F1=Vj=0V,  then  M3  will  be  ON,  M4  and 
M2  OFF  and  M4  ON,  hence  Va  =  -VDD  .  Let  V4  =  0  V  and 
V2  =  -VDD  then  M3  will  be  ON,  M,  OFF  M4  OFF,  M2 
ON,  hence  Va  =  —VDD.  Let  V1  =-VDD  and  V2  =0  V,  then 
M3  OFF,  M4  ON,  M2  OFF  hence  V0  =  -VDD.  Finally  if 
V1  =  V2  =  -VDD,  M3  and  M4  will  be  OFF  and  Mx  ,  M2 
will  be  ON,  hence  Va  =  0  V.  Thus  the  given  CMOS  gate 
satisfies  the  function  of  a  negative  NAND  gate. 

20.  (C)  If  VA  =-VDD  then  Mx  is  ON  and  V?=0V.  If 
VB  =  Vc  =  -VDD  and  V4  =0  V  then  M3  and  M2  are  ON 
but  M4  is  OFF  hence  VY  =  0  V.  If  VA  =  0  V  and  either  or 
both  Vg  ,  Vc  are  0  V  then  M,  is  OFF  and  either  or  both 
M2  and  M3  will  be  OFF,  which  implies  no  current 
flowing  through  M4  hence  VY  =  -VDD  .  Thus  given 
circuit  satisfies  the  logic  equation  A  +  BC  . 

21.  (A)  Let  Vj  =V2  =0  V  =  V(0)  then  M4  and  M.,  will  be 
ON  and  M2 ,  M,  OFF  hence  V0=VDD=V(1).  Let 
V1  =0  V,  V2  =  VDD  then  M4  and  M2  will  be  ON  but  M3 
and  Mx  will  be  OFF  hence  V0  =  0  =  V  (0).  Let 
V4  =  VDD  ,  V2  =  0  V  ,  then  M4  and  M3  will  be  OFF  and 
M,  ON  hence  V0  =0  V  =  V(0).  Finally  if  V,  =  V2  =  VDD  , 
iff,  and  M2  will  be  ON  but  M4  will  be  OFF  hence 
V0  =0  V  =  V(0).  Thus  the  given  CMOS  satisfy  the 
function  of  a  positive  NOR  gate. 

22.  (A)  If  either  one  or  both  the  inputs  are  V(0)  =0  V 
the  corresponding  FET  will  be  OFF,  the  voltage  across 
the  load  FET  will  be  0  V,  hence  the  output  is  VDD  .  If 
boths  inputs  are  V(l)  =  VDD  ,  both  iff,  and  M2  are  ON 
and  the  output  is  V(0)  =0  V.  It  satisfy  NAND  gate. 

23.  (B)  If  both  the  inputs  are  at  V(0)=0  V,  the 
transistor  Mt  and  M2  are  OFF,  hence  the  output  is 
V(1)=VDD  .  If  either  one  or  both  of  the  inputs  are  at 
V(l)  =  VDD  ,  the  corresponding  FET  will  be  ON  and  the 
output  will  be  V  (0)  =0  V.  Hence  it  is  a  NOR  gate. 
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24.  (B)  If  all  inputs  A,  B  and  C  are  HIGH,  then  input  to 
invertor  is  LOW  and  output  Y  is  HIGH.  If  all  inputs  are 
LOW,  then  input  to  inverter  is  also  LOW  and  output  Y 
is  HIGH.  In  all  other  case  the  input  to  inverter  is  HIGH 
and  output  Y  is  LOW. 

Hence  Y  =  ABC  +  ABC  =  ABC  +  (A  +  B  +  C) 


30.  (A)  When  an  output  is  LOW,  it  may  be  as  high  as 
Vonmax )  =0.4  V.  The  maximum  voltage  that  an  input  will 
respond  to  as  a  LOW  is  VIL(maxi  =0.8  V.  A  positive  noise 
spike  can  drive  the  actual  voltage  above  the  0.8  V  level 
if  its  amplitude  is  greater  than 
VnL  =  VlL(max)  ~  ^OL(max)  =0.8  -0.4  =0.4  V 


25.  (C)  The  operation  of  circuit  is  given  below 


ABCD 

P  P  P  P 

r  A  rB  LC  rD 

na  nb  nc  nd 

Y 

X  X  x  1 

xx  x  OFF 

£ 

o 

X 

X 

X 

LOW 

x  x  0  0 

x  x  ON  ON 

x  x  OFF  OFF 

HIGH 

0010 

ON  ON  OFF  ON 

OFF  OFF  ON  OFF 

HIGH 

0  110 

ON  OFF  OFF  ON 

OFF  ON  ON  OFF 

LOW 

1010 

OFF  ON  OFF  ON 

ON  OFF  ON  OFF 

LOW 

1110 

OFF  OFF  OFF  ON 

ON  ON  ON  OFF 

LOW 

Y  =  (A +B)C  +  D 

26.  (B)  The  operation  of  this  circuit  is  given  below  : 


A 

B 

c 

p  p 

r  A  rB 

Pc 

na 

nb 

Nc 

Y 

X 

X 

0 

X  X 

ON 

X 

X 

OFF 

HIGH 

0 

0 

1 

ON  ON 

OFF 

OFF 

OFF  ON 

HIGH 

X 

1 

1 

x  OFF  OFF 

X 

ON 

ON 

LOW 

1 

X 

1 

OFF  x 

OFF 

ON 

X 

ON 

LOW 

Y  =(A  +  B)C 

27.  (B)  If  input  E  is  LOW,  output  will  not  be  LOW.  It 
must  be  HIGH.  Option  (B)  satisfy  this  condition. 

28.  (A)  In  this  circuit  parallel  combination  are  OR  gate 
and  series  combination  are  AND  gate. 

Hence  Y  =  (A  +  B)(C  +  D)(E  +  F ) 

29.  (A)  When  an  output  is  HIGH,  it  may  be  as  low  as 
V0H(min)  =2.4  V.  The  minimum  voltage  that  an  input  will 
respond  to  as  a  HIGH  is  VIU(mm )  =2.0  V.  A  negative  noise 
spike  that  can  drive  the  actual  voltage  below  2.0  V  if  its 
amplitude  is  greater  than 

VnII  =  Vommin)  ~  ^ IH(min)  =2.4  -2.0  =0.4  V 


31.  (B)  A  positive  noise  spike  can  drive  the  voltage 
above  1.0  V  level  if  the  amplitude  is  greater  than 

VnL  =  VlUmax)  -  ^OL(max)  =  ^  “0-1  =0.9  V, 

A  negative  noise  spike  can  drive  the  voltage  below  3.5  V 

if  the  amplitude  is  greater  than 

VnH  =  VoH(min)  ~  V 'lH(min)  =  4-9  —  3.5  =  1.4  V 

32.  (B)  VIHimin)  =  V0H(min)  -  VNH  =  - 0.8  - 0.5  =  - 1.3  V 
V IL(max)  =V()Hmax)  +  V NL  =0.5  +  (~2)  =-1.5  V 

33.  (C)  =  VOH^min)  -  Vn {(mini’  VnL  =  V. lL(max )  ~  ^OL(max) 

VNH  =2.7  (for  LS)  -2.0  (for  ALS)  =0.7  V 
VNL  =0.8  (for  ALS)  -0.5  (for  LS)  =0.3  V 

34.  (B)  VNH  =2.5  (for  ALS)  -  2.0  (for  LS)  =0.5  V 
VNL  =0.8  (for  LS)  -  0.4  (for  ALS)  =0.4  V 

35.  (D)  VNH(min)  =0.5  V  ,  VNL(min)  =0.3  V 

36.  (B)  fanout  (LOW)  =  Iql (ma*>  =  =  80 

I  IHmax)  0.1m 

fanout  (HIGH)  =  /°"(m^)  =  ^9  =  20 

I  III  (maxi  ^Op 

The  fanout  is  chosen  the  smaller  of  the  two. 

37.  (B)  In  HIGH  state  the  loading  on  the  output  of  gate 
1  is  equivalent  to  six  74LS  input  load. 

Hence  load  =  6  x  1  ]u  =  6  x  20p  =  120  pA 

38.  (C)  The  NAND  gate  represent  only  a  single  input 
load  in  the  LOW  state.  Hence  only  five  loads  in  the 
LOW  state. 

load  =  5 1 IL  =  5  x  0.4  =  2  mA 
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3  After  an  arithmetic  operation,  the  flag  register  of 
8085  uP  has  the  following  contents 


A 

A 

A 

D 4 

to 

CO 

A 

A 

A 

1 

0 

X 

1 

X 

0 

X 

l 

The  contents  of  accumulator  after  operation  may  be 

(A)  75  (B)  6C 

(C)  DB  (D)  B6 

3  In  an  8085  microprocessor,  the  instruction  CMP  B 

has  been  executed  while  the  contents  of  accumulator  is 

less  than  that  of  register  B.  As  a  result  carry  flag  and 

zero  flag  will  be  respectively 

(A)  set,  reset  (B)  reset,  set 

(C)  reset,  reset  (D)  set,  set 

^  Consider  the  following  8085  instruction 

MVI  A,  A9H 

MVI  B,  57H 

ADD  B 

ORA  A 


HLT 

DSPLY  :  XRA  A 

OUT  PORT1 

HLT 

The  output  at  PORT1  is 

(A)  00  (B)  FEH 

(C)  01H  (D)  11H 

3  Consider  the  following  8085  assembly  program 

MVI  A,  DATA1 

MOV  B,  A 

SUI  51H 

JC  DLT 

MOV  A,  B 

SUI  82H 

JC  DSPLY 

DLT :  XRA  A 

OUT  PORT1 
HLT 

DSPLY  :  MOV  A,  B 
OUT  PORT2 
HLT 

This  program  will  display 

(A)  the  bytes  from  51H  to  82H  at  PORT2 

(B)  00H  AT  PORT1 


The  flag  status  (S,  Z,  CY)  after  the  instruction 
ORA  A  is  executed,  is 
(A)  (0,  1,  1)  (B)  (0,  1,  0) 

(C)  (1,  0,  0)  (D)  (1,  0,  1) 

3  Consider  the  following  set  of  8085  instructions 

MVI  A,  8EH 

ADI  73H 

JC  DSPLY 

OUT  PORT1 


(C)  all  byte  at  PORT1 

(D)  the  bytes  from  52H  to  81H  at  PORT  2 

3  It  is  desired  to  mask  is  the  high  order  bits  ( D1  -  Dj  of 
the  data  bytes  in  register  C.  Consider  the  following  set 
of  instruction 

(a)  MOV  A,  C 
ANI  F0H 
MOV  C,  A 
HLT 
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(b) 

MOV 

A,  C 

MVI 

B,  F0H 

ANA 

B 

MOV 

HLT 

C,  A 

(c) 

MOV 

A,  C 

MVI 

B,  0FH 

ANA 

B 

MOV 

HLT 

C,  A 

(d) 

MOV 

A,  C 

ANI 

0FH 

MOV 

HLT 

C,  A 

The  instruction  set,  which  execute  the  desired 
operation  are 

(A)  a  and  b  (B)  c  and  d 

(C)  only  a  (D)  only  d 

2  Consider  the  following  8085  instruction 

XRA  A 
MVI  B,  4 AH 

SUI  4FH 

ANA  B 
HLT 

The  contents  of  register  A  and  B  are  respectively 
(A)  05,  4A  (B)  4F,  00 

(C)  Bl,  4A  (D)  None  of  the  above 


(C)  8529H  are  complemented  and  stored  at  location 
529H 

(D)  5829H  are  complemented  and  stored  at  location 
85892H 

EE2  Consider  the  sequence  of  8085  instruction 

MVI  A,  5EH 

ADI  A2H 

MOV  C,  A 
HLT 

The  initial  contents  of  resistor  and  flag  are  as 
follows 

A  C  S  Z  CY 

xx  xx  0  0  0 


After  execution  of  the  instructions  the  contents  of 


register  and  flags  are 


A 

C 

S 

z 

(A)  10H 

10H 

0 

0 

(B)  10H 

10H 

1 

0 

(C)  00H 

00H 

1 

1 

(D)  00H 

00H 

0 

1 

CY 

1 

0 

0 

1 


m  It  is  desired  to  multiply  the  number  0AH  by  0BH 
and  store  the  result  in  the  accumulator.  The  numbers 


3  Consider  the  following  8085  assembly  program  : 

MVI  B,  89H 

MOV  A,  B 

MOV  C,  A 

MVI  D,  37H 

OUT  PORT1 
HLT 

The  output  at  PORT1  is 
(A)  89  (B)  37 

(C)  00  (D)  None  of  the  above 

3  Consider  the  sequence  of  8085  instruction  given 
below 

LXI  H,  9258H 

MOV  A,  M 

CMA 

MOV  M,  A 

By  this  sequence  of  instruction  the  contents  of 
memory  location 

(A)  9258H  are  moved  to  the  accumulator 

(B)  9258H  are  compared  with  the  contents  of  the 
accumulator 


are  available  in  register  B  and  C  respectively.  A  part  of 
the  8085  program  for  this  purpose  is  given  below  : 

MVI  A,  00H 
LOOP:  . 


HLT 

END 

The  sequence  of  instruction  to  complete  the 


program  would  be 

(A) 

JNZ 

LOOP 

ADD 

B 

DCR 

C 

(B) 

ADD 

B 

JNZ 

LOOP 

DCR 

C 

(C) 

DCR 

C 

JNZ 

LOOP 

ADD 

B 

(D) 

ADD 

B 

DCR 

C 

JNZ 

LOOP 
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fP  Consider  the  following  assembly  language  program: 

MVI  B,  87H 

MOV  A,  B 

START  :  JMP  NEXT 

MVI  B,  00H 

XRA  B 

OUT  PORT1 

HLT 

NEXT:  XRA  B 

JP  START 1 

OUT  PORT2 

HLT 

The  execution  of  the  above  program  in  an  8085 
will  result  in 


(A)  A7H  (B)  98H 

(C)  47H  (D)  None  of  the  above 

^  The  memory  requirement  for  this  program  is 
(A)  20  Byte  (B)  21  Byte 

(C)  23  Byte  (D)  18  Byte 

EQ  The  instruction,  that  does  not  clear  the  accumulator 
of  8085,  is 

(A)  XRA  A  (B)  ANI  00H 

(C)  MVI  A,  00H  (D)  None  of  the  above 


(A)  an  output  of  87H  at  PORT1 

(B)  an  output  of  87H  at  PORT2 

(C)  infinite  looping  of  the  program  execution  with 
accumulator  data  remaining  at  00H 

(D)  infinite  looping  of  the  program  execution  with 
accumulator  data  alternating  between  00H  and  87H. 


M  Consider  the  following  8085  program 


MVI 

A,  DATA1 

ORA 

A, 

JM 

DSPLY 

OUT 

PORT1 

CMA 

DSPLY  :  ADI 

01H 

OUT 

PORT1 

HLT 

If  DATA1 

=  A7H,  the  output  at  PORT1  is 

(A)  47H 

(B)  58H 

(C)  00 

(D)  None  of  the  above 

Statement  for  Q.14-15: 

Consider  the  following  program  of  8085  assembly 
language: 

LXI  H  4A02H 

LDA  4A00H 

MOV  B,  A 

LDA  4A01H 

CMP  B 

JZ  FNSH 

JC  GRT 

MOV  M,  A 

JMP  FNSH 

MOV  M,  B 

FNSH:  HLT 


m  If  the  contents  of  memory  location  4A00H,  4A01H 
and  4A02H,  are  respectively  A7H,  98H  and  47H,  then 
after  the  execution  of  program  contents  of  memory 
location  4A02H  will  be  respectively 


EEZ  The  contents  of  some  memory  location  of  an  8085  pP 
based  system  are  shown 


Fig.  P4.6.17 

The  program  is  as  follows 


LHLD 

3000H 

MOV 

E,  M 

INX 

H 

MOV 

D,  M 

LDAX 

D 

MOV 

L,  A 

INX 

D 

LDAX 

D 

MOV 

H,  A 

The  contents  if  HL  pair  after  the  execution  of  the 
program  will  be 

(A)  0030  H  (B)  3000  H 

(C)  3002  H  (D)  0230H 

E0  Consider  the  following  loop 

XRA  A 
LXI  B,  0007H 

LOOP :  DCX  B 

JNZ  LOOP 

This  loop  will  be  executed 
(A)  1  times  (B)  8  times 

(D)  infinite  times 


(C)  7  times 
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[0  Consider  the  following  loop 

LXI  H,  000AH 

LOOP :  DCX  B 

MOV  A,  B 
ORA  C 
JNZ  LOOP 

This  loop  will  be  executed 

(A)  1  time  (B)  10  times 

(C)  11  times  (D)  infinite  times 


^3  The  contents  of  accumulator  after  the  execution  of 
following  instruction  will  be 

MVI  A,  A7H 
ORA  A 
RLC 

(A)  CFH  (B)  4FH 

(C)  4EH  (D)  CEH 


The  contents  of  accumulator  after  the  execution  of 
following  instructions  will  be 


^3  Consider  the  following  program 

MVI  A,  BYTE1 

RRC 

RRC 

If  BYTE1=32H,  the  contents  of  A  after  the 
execution  of  program  will  be 
(A)  08H  (B)  8CH 

(C)  12H  (D)  None  of  the  above 


^3  Consider  the  following  program 


RJCT  : 


MVI 

A,  DATA 

MVI 

B,  64H 

MVI 

C,  C8H 

CMP 

B 

JC 

RJCT 

CMP 

C 

JNC 

RJCT 

OUT 

PORT1 

HLT 

SUB  A 

OUT 

PORT1 

HLT 

If  the  following  sequence  of  byte  is  loaded  in 
accumulator, 


MVI  A,  B7H 
ORA  A 
RAL 

(A)  6EH  (B)  6FH 

(C)  EEH  (D)  EFH 

^3  The  contents  of  the  accumulator  after  the  execution 
of  the  following  program  will  be 


DATA  (H) 

58 

64 

73 

B4 

C8 

FA 

then  sequence  of  output  will  be 


(A) 

00, 

00, 

73, 

B4, 

00, 

FA 

(B) 

58, 

64, 

00, 

00, 

C8, 

FA 

(C) 

58, 

00, 

00, 

00, 

C8, 

FA 

(D) 

00, 

64, 

73, 

B4, 

00, 

FA 

MVI  A,  C5H 
ORA  A 
RAL 

(A)  45H  (B)  C5H 

(C)  C4H  (D)  None  of  the  above 


^3  Consider  the  following  set  of  instruction 

MVI  A,  BYTE1 
RLC 

MOV  B,  A 

RLC 

RLC 

ADD  B 


ETil  Consider  the  following  instruction  to  be  executed  by 
a  8085  pp.  The  input  port  has  an  address  of  01H  and 
has  a  data  05H  to  input: 

IN  01H 

ANI  80H 

After  execution  of  the  two  instruction  the  contents 
of  flag  register  are 


1 

0 

X 

1 

X 

1 

X 

0 

0 

1 

X 

0 

X 

1 

X 

0 

If  BYTE1  =  07H,  then 

execution  of  program  will  be 

content  of  A,  after  the 

(C) 

0 

1 

X 

1 

X 

1 

X 

0 

(A)  46H 

(B)  70H 

(D) 

0 

1 

X 

1 

X 

0 

X 

0 

(C)  38H 


(D)  68H 
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ORA 

A 

;Set  flag 

JM 

DSPLY 

;If  negative  jump  to 

;DSPLY 

OUT 

PORT1 

;A->  PORT1 

DSPLY  :  CMA 

;Complement  A 

ADI 

01H 

;A+1  — >  A 

OUT 

PORT1 

;A  ->  PORT1 

HLT 

This  program  displays  the  absolute  value  of  DATA1.  If 
DATA1  is  negative,  it  determine  the  2’s  complements 
and  display  at  PORT1. 


14.  (A) 

LXI 

H,  4A02H 

;Store  destination  address 
;in  HL  pair 

LDA 

4A00H 

;Load  A  with  contents  of 
;memory  location  A00H 

MOV 

B,  A 

;A— >  B 

LDA 

4A01H 

;Load  A  with  contents  of 
;memory  location  4A01H 

CMA 

B 

;Compare  A  and  B 

JZ 

FNSH 

;Jump  to  FNSH  if  two 
;number  are  equal 

JC 

GRT 

;If  CY  =  1,  (A<B)jump 
;to  GRT 

MOV 

JMP 

M,  A 
FNSH 

;Otherwise  A  -+  (4A02H) 

GRT  : 
FNSH  : 

MOV 

HLT 

M,  B 

This  program  find  the  larger  of  the  two  number  stored 
in  location  4A00H  and  4A01H  and  store  it  in  memory 
location  4A002. 

A7H  >  98H  Thus  A7H  will  be  stored  at  4A02H. 


15.  (C)  Operand  R,  M  or  implied  :  1-Byte  instruction 

Operand  8-bit  :  2-Byte  instruction 

Operand  16-bit  :  3-Byte  instruction 

3-Byte  instruction  are:  LXI,  LDA,  JZ,  JC,  JMP 
P-Byte  instruction  are  :  MOV,  CMP,  HLT 
Hence  memory  =  3x  6  +  1x5=23  Byte. 

16.  (D)  All  instruction  clear  the  accumulator 


18.  (A)  The  instruction  XRA  will  set  the  Z  flag.  LXI  and 
DCX  does  not  alter  the  flag.  Hence  this  loop  will  be 
executed  1  times. 


19.  (B)  LXI 
LOOP :  DCX 

MOV 

ORA 

JNZ 


B,  000AH  ;00  ->  C,  OAH  -+  B 

B  ;  CB  -  1  ->  B, 

;flag  not  affected 
A,  B  ;B  ->  A 

C  ;A  OR  C  — ^  A,  set  flag 

LOOP 


Hence  this  loop  will  be  executed  OAH  or  ten  times. 


20.  (B)  MVI  A,  B7H  ;B7H^A 

ORA  A  ;Set  Flags,  CY  =  1 

RLC  ;Rotate  accumulator  left 

The  contents  of  bit  D7  are  placed  in  bit  D0  . 

Accumulator 

Before  RLC  10100111 

After  RLC  01001111 


21.  (A)  RAL  instruction  rotate  the  accumulator  left 
through  carry. 

D7  — >  CY  ,  CY  — >  D0  ,  ORA  reset  the  carry. 

Accumulator  CY 
Before  RAL  10110111  0 

After  RAL  01101110  1 


22.  (A)  RRC  instruction  rotate  the  accumulator  right 


and  D0  is  placed  in  Z)7  . 


MVI  A,  C5H 
ORA  A 
RAL 

RRC 


;C5H  ->  A 
;Reset  Carry  flag 
;Rotate  A  left  through 
;carry,  A  =  8AH 
;Rotate  A  right,  A  =  45H 


23.  (A)  This  program  multiply  BYTE1  by  10.  Hence 
content  of  A  will  be  46H. 

07H  =0710  ,7x  10  =70,  7010  =46H 


XRA 

A 

;A®  A 

ANI 

00H 

;A  AND  00 

MVI 

A 

;00->  A 

24.  (B)  Contents  of  Accumulator  A  =  0011  0010 
After  First  RRC  =  0001  1001 


17.  (C)  LHLD  3000H 
MOV  E,  M 
INX  H 
MOV  D,  M 
LDAX  D 
MOV  L,  A 
INX  D 
LDAX  D 
MOV  H,  A 


;(3000A)  ->  HL  =  3002H 
;(3002H)  ->  E  =  00 
;HL  +1  ->  HL  =  3003H 
;M  -+  D=(3003H)  =  30H 
;(DE)  ->  A=(3000H)  =  02H 
;A  =>  L  =  02H 
;DE  +1  ->  DE  =  3001H 
;(DE)  — » A  =  (3001)  =  30H 
;A— »  H  =  30H 


Hence  HL  pair  contain  3002H. 


After  second  RRC 


1000  1100 


25.  (D)  This  program  will  display  the  number  between 
64H  to  C8H  including  64H.  C8H  will  not  be  displayed. 
Thus  (D)  is  correct  option. 


26.  (C)  05H  AND  80H  =00 
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After  the  ANI  instruction  S,  Z  and  P  are  modified  to 
reflect  the  result  of  operation.  CY  is  reset  and  AC  is  set 
.  Thus, 

S  =  0,  Z=l,  AC  =  1,  P=l,  CY  =  0 

27.  (B)  AC  I  56H  ;A  +  56H  +  CY->A 

37H  +  56H  +  1  =8EH 

28.  (C)  Instruction  load  the  register  pairs  HL  with 
01FFH.  SHLD  instruction  store  the  contents  of  L  in  the 
memory  location  2050H  and  content  of  H  in  the  memory 
location  2051H.  Contents  of  HL  are  not  altered. 

29.  (B)  At  a  time  8085  can  drive  only  a  digit.  In  a  second 
each  digit  is  refreshed  500  times.  Thus  time  given  to 

each  digit  = - - - =0.4  ms. 

(5  x  500) 


30.  (C)  The  stack  pointer  register  SP  point  to  the  upper 
memory  location  of  stack.  When  data  is  pushed  on 
stack,  it  stores  above  this  memory  location. 

31.  (B)  Line  5  push  the  content  of  HL  register  pair  on 
stack.  The  contents  of  L  will  go  to  03FFH  and  contents 
of  H  will  go  to  03FEH.  Hence  memory  location  03FEH 
contain  22H. 


32.  (C)  Contents  of  register  pair  B  lie  on  the  top  of  stack 
when  POP  H  is  executed,  HL  pair  will  be  loaded  with 
the  contents  of  register  pair  B. 


33.  (C)  The  instruction  PUSH  B  store  the  contents  of 
BC  at  stack.  The  POP  PSW  instruction  copy  the 
contents  of  BC  in  to  PSW.  The  contents  of  register  C 
will  be  copied  into  flag  register. 

D0  =  1  =  carry  flag,  De  =  0  =  zero  flag. 

Hence  zero  flag  will  be  reset  and  carry  will  be  set. 


DATA1  ->  A 
Set  flag 

If  A  is  positive,  then 
yump  to  DSPLY 
Clear  A 
A  -»  PORT2 


If  DATA1  is  positive,  it  will  be  displayed  at  portl 
otherwise  00. 


34.  (A) 

MVI A 

DATA1 

ORA 

A 

JP 

DSPLY 

XRA 

A 

DSPLY 

OUT 

PORT1 

HLT 
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BTil  yit)  =  uit)  *  hit) ,  where  h(t)  =  \ 

[e“3<,  t>  0 

(A)  -  e~2‘u(- 1- 1)  +  -  -  -  e~3‘ui-t) 

2  6  3 

(B)  -  e2‘ui-t  - 1)  +  -  -  -  e~3‘ui-t) 

2  6  3 

(C)  -  e2'  +  -  [5  - 3e2'  -2e*Mt) 

2  6 

(D)  -  e2(  +  —  [5  -  3e2'  -2 e^M-t) 

2  6 


Statement  for  Q.31-34: 

The  impulse  response  of  LTI  system  is  given. 
Determine  the  step  response. 

Bffl  h(t )  =e~ul 

iA)2+e‘-e~‘  (B)  e‘ui-t  +  1)  +  2  -  e~‘ 

(C)  e‘ui-t  +  1)  +  [2  -  e~‘)uit)  (D)  e‘  +  [2  -  e~‘  -  e‘Mt) 

13  hit)=8mit) 

(A)  1 
(C)  8(3\t) 

13  hit)  =  uit)  -  uit  -  4) 

(A)  tuit)  +  (1  -  t)uit  -  4) 

(C)  1  + 1 

|3  hit)  =  yit) 

(A)  uit) 

(C)  1 

Statement  for  Q.35-38: 

The  system  described  by  the  differential  equations 
has  been  specified  with  initial  condition.  Determine  the 
output  of  the  system  and  choose  correct  option. 


(B)  uit) 

(D)  m 

(B)  tuit)  +  (1  -  t)uit  -  4) 
(D)  (1  +  t)u(t) 

(B)  t 
(D)  tuit) 


dyjt) 

dx 


+  10y(t)  =2xit),  y(0  )  =  1,  xit)  =  uit) 


(A)  4(1  +  4 e~10t)uit) 
(C)  -1(1  +  4 e~wt)uit) 


(B)  |(1  +  4e“10f) 
(D)  -4(1  +  4e“10') 


d2yjt) 

dt2 


5dy(t'>  +  4yit)  =  dx(t) 


dt 


yi  0-)=0, 


dt  ’ 
dyit) 


dt 


=  1,  x it)  =sin  t  uit) 


(A) 

(B) 

(C) 

(D) 


5  .  3  1  _t  13  _4i 

—  sin  t  +  —  cos  t  +  —  e - e 

34  34  6  61 

5  .  3  13  _4(  1  _t 

—  sin  t  h - cos  t - e  h —  e 

34  34  51  6 

3  .  5  13  _4(  1  _t 

—  sin  t  ^ - cos  t - e  +  —  e 

34  34  51  6 

3  .  5  1  _41  13  _4i 

—  sin  t  +  —  cos  t  +  —  e - e 

34  34  6  51 


d2y  it)  dyit) 


dt 2 


dt 


+  8  yit)  =2  xit), 


y(0“)  =  -l, 


dyjt) 

dt 


(A) 


—  e“'  ~  —  e~2‘  +  —e~4t,  t>  0 

3  2  6 


(B) 

(C) 

(D) 


+  —  e-2t  +  —  e~4‘  ,  t  >  0 

3  2  6 

4  +  5(3e^2'  +  e“4i)  ,t>  0 
4  -5(3e“2'  +  e”4f),  t  >  0 


d2yit)  3  dxit) 

•  yit)  = 


dt 2 


dt 


yi  0)  =-i. 


dyit) 


dt 


,t>  0 
,  t  >  0 
,  t  >  0 
,t>  0 


=  1,  xit)  =e  ‘uit) 

0" 


=  1,  xit)  =  2 te  ‘uit) 


(A)  sin  t  +  4  cos  t  -  3 te~3‘  +  t,  t  >  0 

(B)  4  sin  t  -  cos  t  -  3te  ‘,  t  >  0 

(C)  sin  t  —  4  cos  t  +  3 te~3‘  +  t,  t  >  0 

(D)  4  sin  t  +  cos  t  -  3 te~‘,  t  >  0 


13  The  raised  cosine  pulse  xit)  is  defined  as 


xit)  = 


1 

2 


(cos  cot  +  1)  , 


0, 


-*<t<* 


(O  CO 

otherwise 


(A)  — 
4co 


The  total  energy  of  xit)  is 

(B) 


37T 

8co 


(D)  371 
2co 


■j.L  The  sinusoidal  signal  xit)  =  4  cos  (200t  +  Jt/6)  is 
passed  through  a  square  law  device  defined  by  the 
input  output  relation  y  it)  =  x2it).  The  DC  component  in 
the  signal  is 

(A)  3.46  (B)  4 

(C)  2.83  (D)  8 
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31  The  impulse  response  of  a  system  is  h{t)  =  &t  -0.5). 
If  two  such  systems  are  cascaded,  the  impulse  response 
of  the  overall  system  will  be 

(A)  0.58(t  -025)  (B)  &it  -025) 

(C)S(t-D  (D)  05S(t  - 1) 


Fig.  P5.1.40  show  the  input  x(t)  to  a  LTI  system  and 


impulse  response  h(t)  of  the  system. 

x(t)  h(t ) 


Fig  P5.1.42 

The  output  of  the  system  is  zero  every  where 
except  for  the 

(A)  0  <t  <5  (B)  0  < £  <  8 


(C)  l<t  <5 


(D)  l<t  <8 


SB  If  dy(t)/dt  contains  only  three  discontinuities,  the 
value  of  a  is 

(A)  1  (B)  2 

(C)  3  (D)  0 


Consider  the  impulse  response  of  two  LTI  system 
S,  :  h1(t)  =  e-a~2i)tu(t) 

S2  :  h2(t)  =e~‘ cos  2t  u(t) 

The  stable  system  is 
(A)  S,  (B)  S2 

(C)  Both  S1  and  S2  (D)  None 

m  The  non-invertible  system  is 

t 

(A)  y(t)  =  x(t  -  4)  (B)  y(t)  =  J  x(t)g(t 

—00 

dx(  t ) 

(C)  y{t)  =  =^!±  CD)  None  of  the  above 

dt 


Consider  the  signal  x(t)  =  ‘&t  +  2)  -  dt  -2). The  value 

t 

of  E,  for  the  signal  y( t)  =  J  x(x)d,x  is 

—oo 

(A)  4  (B)  2 

(C)  1  (D)  oo 

The  response  of  a  system  S  to  a  complex  input 
x(t )  =ej5t  is  specified  as  y(t)  =tejbt.  The  system 

(A)  is  definitely  LTI 

(B)  is  definitely  not  LTI 

(C)  may  be  LTI 

(D)  information  is  insufficient 


thj  A  continuous-time  linear  system  with  input  x{t)  and 
output  y(t)  yields  the  following  input-output  pairs: 

x(t)=ej2‘  o  y{t)  =ej5t 
x(t)=e~j2‘  y(t)=e~j5‘ 

If  x,  (i)  =cos  (2 1  -1),  the  corresponding  y,  ( t)  is 
(A)cos(5f-l)  (B)  e~j  cos  (5i  - 1) 

(C)  cos  5U-1)  (D)  ej  cos  (5^  - 1) 

Statement  for  Q.46-47: 

Suppose  that 


I1' 

0<t<l 

x(t)  = 

and 

elsewhere 

h(t)  = 

•f1' 

,  where  0  <  a 

<1. 

£Til  The  response  of  a  system  S  to  a  complex  input 
x(t)  =ejSl  is  specified  as  y(t)  =cos  8 1.  The  system 

(A)  is  definitely  LTI 

(B)  is  definitely  not  LTI 

(C)  may  be  LTI 

(D)  information  is  insufficient. 


The  auto-correlation  of  the  signal  x(t)=e  ‘ u(t )  is 


(A)  —e‘u(-t)  +  —  e  lu(t) 
2  2 


(B)  —  +  -(e“‘  -e‘)u(t) 
2  2 


(C)  —  e  lu(-t)  +  —  e  lu{t) 
2  2 


(D)  —  e‘u(-t)  —  —  e  ‘u(t) 
2  2 
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1.  (A)  —  =  60ti  =>  T  =  — 
T  30 


11.  (C) 


x(10f)  x(  10£-5) 


1 


Fig  S5.1.11 


0.9  1 


2.  (C)  s,  t2  = 

5 


2n 

y 


s,  LCM 


12.  (D)  Multiplication  by  5  will  bring  contraction  on 
time  scale.  It  may  be  checked  by  x(5  x  0.8)  =  x(4). 


3.  (D)  Not  periodic  because  of  t. 

4.  (D)  Not  periodic  because  least  common  multiple  is 
infinite. 

5.  (C)  y(t)  is  not  periodic  although  sin  t  and  6  cos  2nt  are 
independently  periodic.  The  fundamental  frequency 
can’t  be  determined. 

6.  (C)  This  is  energy  signal  because 

oo  oo  co 

Ex  =  J  I*  (t)\dt  <  °o  =  Je“4'w(£)df  =Je“4,d£  =  — 

7.  (A)  |x(£)|  =  1,  Ea  =  J|x(£)|2d£  =  °o 

—oo 

So  this  is  a  power  signal  not  a  energy. 

1  T 

P„  =  lim -  (  |jc(£)|2d£  =1 

*  t->«  2  T  \T 

8.  (D)  v(t)  is  sum  of  3  unit  step  signal  starting  from,  1,  2, 
and  3,  all  signal  ends  at  4. 

9.  (A)  The  function  1  does  not  describe  the  given  pulse. 
It  can  be  shown  as  follows  : 


13.  (A)  Division  by  5  will  bring  expansion  on  time  scale. 


It  may  be  checked  by  y(t)  =  x\ 


20 
5  J 


=  x(4). 


14.  (C)  y(£)  = 


1, 

-1, 

0, 


for  -  5  <  t  <  -  4 
for  4  <  t  <  5 
otherwise 


-4  5 

E  =  j(l)2dt  +  J(-l)2dt  =2 

-5  4 


5  4  5 

15.  (D)  E=2f  x2{t)dt  =  2 1 (DVt  +  2j(5  -  tfdt 

0  0  4 


=  8  + 


2 

3 


26 

3 


16.  (B)  Let  x1(t)  =  v(t)  then  y1(£)  =  u{v(t)} 

Let  x2(t)  =kv(t)  then  y2(t)  =  u{kv(t)}  ky^t) 

(Not  homogeneous  not  linear) 

y1(t)  =  u{v(t)}, 

y2(t)  =  u{v(t  -  £0)}  =  y1(£  -  ta)  (Time  invariant) 

The  response  at  any  time  depends  only  on  the 
excitation  at  time  t  =  ta  and  not  on  any  future  value. 

(Causal) 


u{a-t) 


u(t-b ) 


u{a-t)  -  u(t-b) 


t 


a 


b 


Fig  S5.1.3.9 


10.  (B) 


Kt- 4) 


r(£-6)  r(t- 4)  -  r(t-6) 

/ 


4  6  8  4  6  8 


Fig  S5.1.10 


17.  (C)  yi(t)  =  v(t-5)-v{3-t) 

y2(t)  =  kv(t  -  5)  -  kv(3  -t)=  ky^(t)  (Homogeneous) 
Let  x1(t)  =  v(t)  then  y,(£)  =  v(t  -5)  -  v{3  - 1) 

Let  x2(t)  =  2 w(t)  then  y2{t)  =  w(t  -5)  -  w( 3  - 1) 

Let  x3(t)  =  x(t)  +  w(t ) 

Then  y3(t)  =  v(t  -5)  +  w(t  -5)  -  v(3  -t)  -  w{ 3  - 1) 

=  yx(£)  +  y2(t)  (Additive) 

Since  it  is  both  homogeneous  and  additive,  it  is  also 
linear. 

y^t)  =  v(t-  5)  -  v(3  - 1 ) 

y2(t)  =  v(t  -  tD  -  5)  -  v(3  - 1  +  ta)  =  y,(£  -  ta) 

(Time  invariant) 
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At  time,  t=  0,  y(0)  =  x(-5)  -  x(3).  Therefore  the 
response  at  time,  t  =  0  depends  on  the  excitation  at  a 
later  time  t  =  3.  (Not  causal) 

If  x(£)  is  bounded  then  x(t  -5)  and  x(3  -  £)  are  bounded 
and  so  is  y{t).  (Stable) 


18.  (D)  yi(t)  =  v U  ,  y2(t)  =  kv \j-  =  ky,{t) 


x,  =  v(t)  +  w(t)  then 


ft' 

)  f  t) 

u  - 

U, 

J  l  2  J 

(Homogeneous) 


(Additive) 


Since  it  is  both  homogeneous  and  additive,  it  is  also 
linear 


y^t)  =v\ 


y 2|  \  *y(t-t0)  =  v\ 


t-L 


(Time  variant) 

At  time  t  =  -2,  y(- 2)  =  x(-l),  therefore,  the  response  at 
time  t  =  -2,  depends  on  the  excitation  at  a  later  time, 
£  =  -1.  (Not  causal) 

It  x(£)  is  bounded  then  y(t)  is  bounded.  (Stable) 


(Homogeneous) 


19.  (C)  yx{t)  =cos  27 it  v(t) 
y2(t)k cos  2nt  v(t)  =ky1(t) 
x3(£)  =v(t)  +  w(t) 

y3(t)  =cos  2 7i £  [v{t)  +  w(t)\  =  yx(£)  +  y2(t )  (Additive) 
Since  it  is  both  homogeneous  and  additive.  It  is  also 
linear. 

3q(£)  =cos  2ti£  v(t) 

y2(t )  =  cos  2nt  (t  - 10 )  *  y(t-ta ) 

=  cos  [27 Tit  -  ta)]v(t  -  ta )  (Time  Variant) 

The  response  at  any  time  t  =  ta  depends  only  on  the 
excitation  at  that  time  and  not  on  the  excitation  at  any 
later  time.  (Causal) 

If  x (t)  is  bounded  then  y(t)  is  bounded.  (Stable) 


21.  (C)  All  option  are  linear.  So  it  is  not  required 
to  check  linearity. 

Let  x1(t)  =  v(t)  then  t  —  y^t)  -  8yi(t)  =v(t) 
dt 

Let  x2(t)  =  v(t  -  ta)  then  t  —  y2(t )  -  8 y2(t)  =  v(t  -  t0 ) 

dt 

The  first  equation  can  be  written  as 

( t  -  tQ )  - l-  y(t  -  tQ)  -  8y(t  -  tQ)  =  v(t  -  tQ ) 
dt 

This  equation  is  not  satisfied  if  y2(t)  =  yx(t  -  tj  therefore 
y2(t)  y3(t  -  ta)  (Time  Variant) 

The  system  can  be  written  as 

y(t)  =  +  8  |  y(X) 

3  l  3 _  X 


-dX 


So  the  response  at  any  time,  t  =  ta  depends  on  the 
excitation  at  t  <  ta  ,  and  not  on  any  future  values. 
(Causal) 

The  Homogeneous  solution  to  the  differential  equation 
is  of  the  form  y(t)  =kt8.  If  there  is  no  excitation  but  the 
zero  excitation,  response  is  not  zero.  The  response  will 
increases  without  bound  as  time  increases. 

(Unstable) 

t+  3 

22.  (C)  yi(t)  =  j  v(X)dl 

—00 

t+  3  t+  3 

y2(t)  =  |  kv{X)dX  =  k  |  v(X)dX  =  ky^t)  (Homogeneous) 

—00  —00 

x3(t)  =  v(t)  +  w(t ) 

t+  3  t+  3  t+  3 

y3(t )  =  J  [o(U  +  w(X)]dX  =  |  v(X)dX  +  |  w(X)dX 
=  yx(t)  +  y2(t)  (Additive) 


Since  it  is  Homogeneous  and  additive,  it  is  also  linear. 

t+  3 


20.  (C)  yjU)  =  |iXt)|,  y2(t)=\kv{t)\=\k\y1(t) 

If  k  is  negative  \k\y3{t)  *  ky^t) 

(Not  Homogeneous  Not  linear). 
y3{t)  =  |u(*)|,  y2(t)  =  |y(t  -  tD)|  =  y^t  - 1„ ) 

(Time  Invariant) 

The  response  at  any  time  t  =  ta  depends  only  on  the 
excitation  at  that  time  and  not  on  the  excitation  at  any 
later  time.  (Causal) 

If  x (t)  is  bounded  then  y(t)  is  bounded.  (Stable) 

www.gatehelp.com 


y3(t)  =  J  v(X)dX 

— 00 

£+3  *-*0  +  3 

y2(t)  =  J  t>(A  —  tJdX  =  |  v(X)dX  =  y3(t  - 10 ) 


(Time  invariant) 

The  response  at  any  time,  t  =  t0  ,  depends  partially  on 
the  excitation  at  time  to  t0<t<(t0  +  3)  which  are  in 
future.  (Not  causal) 

t+  3  t+  3 

If  x(t)  is  a  constant  k,  then  y  (t)  =  ^kdX  =  k^dX  and  as 

—oo  —oo 

£  — >  co,  y{t)  increases  without  bound.  (unstable) 
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EH  x[_n  +  2 \y\n  -2] 

x[n\ 


x\n\ 

■  3 


21  x[n]  =cos  j  _sin  j  +  3cos  j^-^-  + 

(A)  periodic  with  period  16 

(B)  periodic  with  period  4 

(C)  periodic  with  period  2 

(D)  Not  periodic 

Sn  _  1 

m  x[n\  =  2e 

(A)  periodic  with  12tc 
(C)  periodic  with  Hit 


(B)  periodic  with  12 
(D)  Not  periodic 


(C) 


-6  -5  -4  -3  -2  - 

1 

1  2  3  4  5  6 

■  9  9  9  9  • 

1-2 

< 

) 

-3 

-6  -5  -4  -3  -2  -1 

1  2  3  4  5  6 

m  m  m  m  m  i 

•  -1 

-2< 

-3 

» 

< 

) 

Statement  for  Q.12-15: 

A  discrete-time  signal  is  given.  Determine  the 
period  of  signal  and  choose  correct  option. 


EH  x[n]=cos  -  +  sin  '  '-  +  ij 

(A)  periodic  with  period  N  =  126 

(B)  periodic  with  period  N  =  32 

(C)  periodic  with  period  N  =252 

(D)  Not  periodic 

x[n]  =cos  j^jcos  j 

(A)  Periodic  with  period  16  n 

(B)  periodic  with  period  16(ti+  1) 

(C)  periodic  with  period  8 

(D)  Not  periodic 


The  sinusoidal  signal  has  fundamental  period 
N  =  10  samples.  The  smallest  angular  frequency,  for 
which  xYn ]  is  periodic,  is 

(A)  —  rad/cycle  (B)  10  rad/cycle 


(C)  5  rad/cycle 


rad/cycle 


EH  Let  x[n],  -  5  <  n  <  3  and  h[n],  2  <  n  <  6  be  two  finite 
duration  signals.  The  range  of  their  convolution  is 
(A)  -7  <n<9  (B)  -3  <n  <9 

(C)  2  <n  <3  (D)  -5  <n<6 


Statement  for  Q. 18-26: 

x[n]  and  li[n]  are  given  in  the  question.  Compute 
the  convolution  y[n]  =  x\ n]  *  h[n\  and  choose  correct 
option. 

E0x[n]={l,  2,  41,  Mn]={  1,  1,  1,  1,  U 

(A)  (1,  3,  7,  7,  7,  6,  41 

(B)  (1,  3,  3,  7,  7,  6,  41 

(C)  (1,  2,  4) 

(D)  11,  3,  71 

^3x[n]={l,  2,  3,  4,  51,  h  \n\  =  {1} 

(A)  {1,  3,  6,  10,  151  (B)  {1,  2,  3,  4,  51 

(C)  {1,  4,  9,  16,  201  (D)  {1,  4,  6,  8,  10) 

S3  x[n.]={l,  2,  -1),  li  [n\  =  x  [n\ 

(A)  {1,  4,  11  (B)  {1,  4,  2,  -4,  1! 

(C)  {1,  2,  -11  (D)  {2,  4,  -21 
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31  x\n\  =  {1,  -2,  31, 

t 

(A)  (1,  -2,  4,  1,  1, 

t 

(B)  {0,  0,  31 

t 

(C)  (0,  0,  3,  1,  1, 

t 

(D)  {0,  0,  1,  -1,  2, 

t 

^3  =  io,  o,  i, 

t 

(A)  (0,  0,  1,  -1,  2, 

t 

(B)  (0,  0,  1,  -1,  2, 

t 

(C)  (1,  -2,  3,  1,  1, 

t 

(D)  11,  -2,  3,  1,  1, 

t 

31  *IX  =  11,  1,  0,  : 

t 

(A)  {1,  -1,-2,  4,  1, 

t 

(B)  (1,  -1,-2,  4,  1, 

t 

(C)  (1,  -1,-5,  2,  3,  - 

t 

(D)  11,  -1,-5,  2,  3,  -£ 

t 

13*1X1=11,  2,  o,  : 

t 

(A)  (1,  4,  4,  4,  10, 

t 

(B)  (1,  4,  4,  4,  10, 

t 

(C)  11,  4,  4,  10,  4, 

t 

(D)  11,  4,  4,  10,  4, 
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h  [n]  =  (0,  0,  1,  1,  1,  11 

t 


1! 


1,  11 


,  2,  1,  31 


3Jx[X={  1,  4,  -3,  6,  41,  h\ri\  =  12,  -4,  3) 

T  t 

(A)  12,  4,  -19,  36,  -25,  2,  121 

t 

(B)  14,  -19,  36,  -251 

t 

(C)  (1,  4,  -3,  6,  4} 

t 

(D)  11,  4,  -3,  6,  41 
t 


1,  1,  11,  h[n]  =  11,  -2,  31 

t 

2,  1,  31 

2,  1,  31 

2,  1,  11 


x[n ]  = 


1, 

2, 

0 


n  =-2,  0,  1 
n  =  —1 
elsewhere 


h{n)  =  S[n]  -  8 [n  - 1]  +  8[rc  -4] 

(A)  SIX  -28 [n  -1]  +  45[n  -4]  +  5[«  -5] 

(B)  8 [n  +  2]  +  S[w  +  1]-  5X  +  28[n  -3]+  S[n  -4]  +  5[/i  -5] 

(C)  8[n  +  2]  -  8 \n  +  1]+  8X  +  28[n  -3]  -  8 [n  -4]  +  28[re  -5] 

(D)  5X  +  28[7z  - 1]  +  45[n  -5]  +  8[re  -5] 


1,  II 

.,  1),  h[n]  =  {1,  -2,-3,  4) 
t 


11 

11 


Statement  for  Q.27-30: 

In  question  y[_n]  is  the  convolution  of  two  signal. 
Choose  correct  option  for  y[n\ 

^  y\n\  =(-!)"  *  2“  u[2n  +  2] 


(B)  —  u[-n  +  2] 
6 

(C)  —  (-1)"  w[-n  +  2] 

(D)  |(-D" 

3  3 


-5,  1,  41 

s  1,  41 

l,  1),  h[n\  =  x[n ] 

4,  4,  4,  1! 

4,  4,  4,  11 

4,  4,  11 

4,  4,  11 

t 


32  yin]  =  —  u[n\  *  u[n  +  2] 

(A)f--^-Wl 
l  3  4"  J 


(C) 


4  1 

3  12  l  4 


«[«  +  2] 


(B) 


(D) 


3 

16 


til  y\n ]  =  3"  w[-n  +  3]  *  w[n  -2] 
3" 


(A) 


2 

83 
2  : 


(C) 


3^_ 
2  : 
81 

l  2  : 

www.gatehelp.com 


n  <  5 
n>6 

n  <  5 
n>6 


3" 

(B)  <!  83 


(D) 


3^ 

6 

81 

2 


12 

~4" 


\u[n  +  2] 


1 

4" 


m[w  +  2] 


n  <5 
n>6 

n  <  5 
n>6 
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ETil  y\n\  =  u[n  +  3]  *  u[n  -  3] 

(A)  ( n  +  l)u[n ]  (B)  nu[n] 

(C)  (n-l)«[n]  (D)  u[n\ 

ET1  The  convolution  of  x[n]  =cos  (f  rc)  w[n]  and 
h[n\  =  u[n  - 1]  is  f[n]u[n  - 1].  The  function  f[n\  is 
n  =  4  m  +  1,  4  m  +  2 
n  =  Am,  Am  +  3 

n  =  Am  +  1,  Am  +  2 
n  =  Am,  Am  +  3 

n  =  Am  +  1,  Am  +  3 
n  =  Am,  Am +2 

n  =  Am  +  1,  Am  +  3 
n  =  Am,  Am +2 

Statement  for  Q.32-38: 

Let  P  be  linearity,  Q  be  time  invariance,  R  be 
causality  and  S  be  stability.  In  question  discrete  time 
input  x[n]  and  output  y\n]  relationship  has  been  given.  In 
the  option  properties  of  system  has  been  given.  Choose 
the  option  which  match  the  properties  for  system. 


(A) 

(B) 

(C) 

(D) 


x[n]  as  shown  in  fig.  P5.2.37 


5 


Fig.  P5.2.37 


(A)  P,  Q,  R,  S  (B)  Q,  R,  S 

(C)  P,  R,  S  (D)  P,  Q,  S 


5TTI  x[n]  as  shown  in  fig.  P5.2.38 


yin] 


Fig.  P5.2.38 


(A)  P,  Q,  R,  S  (B)  P,  Q,  R 

(C)  P,  Q  (D)  Q,  R,  S 


Statement  for  Q.39-41: 

Two  discrete  time  systems  S1  and  S2  are 
connected  in  cascade  to  form  a  new  system  as  shown  in 
fig.  P5.2.39-41. 


y\n ]  =  rect(x[n]) 

(A)  P,  Q,  R  (B)  Q,  R,  S 

(C)  R,  S,  P  (D)  S  ,  P,  Q 


Fig.  P5.2.39-41. 


y[n]  =  nx[n] 

(A)  P,  Q,  R,  S 

(B)  Q,  R,  S 

(C)  P,  R 

(D)  Q,  S 

EH  yVn\  =  ^  u[m ] 

m  =-oo 

(A)  P,  Q,  R,  S 

(B)  R,  S 

(C)P,  Q 

(D)  Q,  R 

^3  y[/z]  =  *Jx[n] 

(A)  Q,  R,  S 

(B)  R,  S,  P 

(C)  S,  P,  Q 

(D)  P,  Q,  R 

ETtl  x[n]  as  shown  in 

fig.  P5.2.36 

(C)  P,  Q  (D)  R,  S 


5TS1  Consider  the  following  statements 

(a)  If  S1  and  S2  are  linear,  the  S  is  linear 

(b)  If  S1  and  S2  are  nonlinear,  then  S  is  nonlinear 

(c)  If  S1  and  S2  are  causal,  then  S  is  causal 

(d)  If  S1  and  S2  are  time  invariant,  then  S  is  time 
invariant 

True  statements  are  : 

(A)  a,  b,  c  (B)  b,  c,  d 

(C)  a,  c,  d  (D)  All 

HTI  Consider  the  following  statements 

(a)  If  S1  and  S2  are  linear  and  time  invariant,  then 
interchanging  their  order  does  not  change  the  system. 

(b)  If  S1  and  S2  are  linear  and  time  varying,  then 
interchanging  their  order  does  not  change  the  system. 

True  statement  are 

(A)  Both  a  and  b  (B)  Only  a 

(C)  Only  b  (D)  None 
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31  Consider  the  statement 

(a)  If  S’,  and  S2  are  noncausal,  the  S  is  non  causal 

(b)  If  S1  and/or  S2  are  unstable,  the  S  is  unstable. 

True  statement  are  : 

(A)  Both  a  and  b  (B)  Only  a 

(C)  Only  b  (D)  None 

m  The  following  input  output  pairs  have  been 
observed  during  the  operation  of  a  time  invariant 
system  : 


x1\n]  =  {  1, 

0, 

2) 

yiW  = 

=  10, 

i, 

21 

t 

t 

x2\_n]  =  {0, 

0, 

3) 

y2[«]= 

=  10, 

i, 

0,  21 

t 

t 

x3[n]  =  {0,  0, 

0, 

1) 

y^n]  = 

=  H, 

2, 

1) 

t 

T 

The  conclusion  regarding  the  linearity  of  the 
system  is 

(A)  System  is  linear 

(B)  System  is  not  linear 

(C)  One  more  observation  is  required. 

(D)  Conclusion  cannot  be  drawn  from  observation. 


(D)  Above  all 


^3  The  system  shown  in  fig.  P5.2.45  is 


(A)  Stable  and  causal 

(B)  Stable  but  not  causal 

(C)  Causal  but  unstable 

(D)  unstable  and  not  causal 


The  impulse  response  of  a  LTI  system  is  given  as 


li\_n\  =|  |  u\_n\ 


The  step  response  is 


(C) 


f 

'  1/ 

n  +  1  \ 

2- 

v  2, 

V 

y 

f 

(  1' 

n  +  1  ^ 

2  + 

v  2  j 

V 

y 

u[n\ 

(B) 

w[n] 

(D) 

2+  - 


u[n ] 


u[n\ 


nil  The  following  input  output  pair  have  been  observed 
during  the  operation  of  a  linear  system: 

x1[n]  =  1-1,  2,  1}  y1[n]  =  {l,  2,  -1,  0,  1) 

T  t 

*2[n]  =  {  1,  -1,  -1)  <  s  >  y2[n\  =  {- 1,  1,  0,  2| 

T  T 

x3[n]  =  {0,  1,  1}  <  s  >  y3[n]  =  {l,  2,  1} 

t  t 

The  conclusion  regarding  the  time  invariance  of 
the  system  is 

(A)  System  is  time-invariant 

(B)  System  is  time  variant 

(C)  One  more  observation  is  required 

(D)  Conclusion  cannot  be  drawn  from  observation 

m  The  stable  system  is 

(A)  y[n]  =  x[n\  +  lly[n  - 1] 

(B)  y[n]  =  x[n]  -  ^(y[n  - 1]  +  yVn  -2]) 

Z 

(C)  y[n]  =  x[n]  -(1.5y[n  -  1]  +  0Ay[n  -2]) 


m  The  difference  equation  representation  for  a  system 
is 

y[re]-^y[re-l]=2x[n],  y[-l]  =  3 

Zj 

The  natural  response  of  system  is 

<a)IBJ"w 

??il  The  difference  equation  representation  for  a  system  is 
y[n]-2y[n  -  1]  +  y[n  -2]  =  x[n]  -  x[n  -  1J 

lfy[n]=0  forra<0  and  x[n]  =  S[n],  then  y [2]  will 
be 

(A)  2  (B)  -2 

(C)  -1  (D)  0 

Consider  a  discrete-time  system  S  whose  response 
to  a  complex  exponential  input  ejnnl2  is  specified  as 

g  .  g-W2  — g>n3re/2 
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24.  (B)  y[re]  =  {1,  4,  4,  10,  4,  4,  4,  1} 

t 


25.  (A)  y[n]  =  {2,  4,  -19,  36,  -25,  2,  12) 

t 


I 


14-36  4 

2 

2  /  8  /  -6  /  12  /  8  / 

-4 

/  /  /  /  / 

/  /  /  / 

-4  /-16  /'l2  /-24  /-Vo  , 

3 

/  /  /  /  / 

/  y  y  y  y 

3  / 12  /-9  /18  / 12 

/  /  /  / 

_ ^ ^ _ z _ z _ 

Fig.  S5.2.25 

26.  (B)  x[re]  =  {1,  2,  1,  1),  A[re]=[l,  -1,  0,  0,  1) 
T  t 


28.  (C)  For  re  +  2  <0  or  re<-2,  y[re]=0 

for  re  +  2>0  or  re>-2,  y[n\='/^j  —  k  =  — 

k=o  4  3 


y[n]  = 


f4 

_  i 

Tf 

l3 

12 

4  '  J 

u[n  +  2] 


12  4" 


29.  (D)  For  n  -  2  <3  or  re  <  5  ,  y[re]  =  ^  3*  = 

k=co 

3  0 1 

for  re  -2  >  4  or  re  >  6,  y[n ]  ='^j3h  =  —  , 

k  =  -  *  2 


=>  y[n\  = 


re  <  5 
re  >  6 


6 


30.  (A)  For  re  -  3  <  -  3  or  re<  0,  y[n]  =  0 

re -3 

for  re  -  3  >  -  3  or  re  >  0,  y[re]  =  ^  1  =  n  +  1, 

k=-3 

y\n\=(n  +  1  )w[re] 


31.  (A)  For  re  -  1  <0  or  re<l,  y[re]  =  0 

For  re-1  >  0  or  re  >  1,  y[re]  =  ^cos(  —  k 

k=o  V2 


=>  y[n\  = 


n  =  4m  +  1,  4rei  +  2 
re  =  4m,  4m  +  3 


y[n\  =  (1, 


t 


y[re]  =  5[re  +  2]  +  5[re  +  1]-  5[re]  +  25[re  -3]+  6[re  -4]  +  5[re  -5] 


27.  (D)  y[re]  =  J(-D*2"-‘ 

k=n- 2 


1  + 


1 

2 


32.  (B)  yjre]  =  rec£  (re[re])  ,  y2[re]  =  rec£  (kv\nY) 
y2  [re]  *  k  y1  [re]  (Not  Homogeneous  not  linear) 

yjre]  =  red  (u[re]),  y2[re] =  rec^  (<4re  -  re,,]) 
yjre  -  re„]  =  red  ( v[n  -  re0])  =  y2[re]  (Time  Invariant) 
At  any  discrete  time  re  =  re„  ,  the  response  depends  only 
on  the  excitation  at  that  discrete  time.  (Causal) 

No  matter  what  values  the  excitation  may  have  the 
response  can  only  have  the  values  zero  or  one. 

(Stable) 


33.  (C)  yjre]  =  nv\n\ ,  y2[n]  =  nkv[n] 

ky^n]  =  y2[re]  (Homogeneous) 

Let  x1[re]  =  a[re]  then  yx[re]  =  retire] 

Let  x2[re]  =  re>[re]  then  y2[re]  =  rew[re] 

Let  x3[n]  =  re[re]  +  ic[re]  then 
y3[re]  =  re(re[re]  +  w[n\)  =  nv[n ]  +  rew[re] 

=  y1[re]  +  y2[re]  (Additive) 

Since  the  system  is  homogeneous  and  additive,  it  is  also 
linear. 

y/n  -re„]  =(re  -  na)v[n  -  na\  *  y„[re]  =  retire  -re0] 
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(Time  variant) 

At  any  discrete  time,  n  =  n0  the  response  depends  only 
on  the  excitation  at  that  same  time.  (Causal) 

If  the  excitation  is  a  constant,  the  response  is 
unbounded  as  n  approaches  infinity.  (Unstable) 

34.  (C)  y1ln]  =  ^vlm],  yjn]  =  ^kvlm] 

m  =-oo  m=-  oo 

y2ln]  =  ky^ln]  (Homogeneous) 

n  +  1  n +1 

yi[n]=  X  vlm],  y^n]=  ^wlm] 

n=-  oo  n=-  oo 

n  +  1 

y2ln]  =  'YjivVn]  +  wlm]) 

m  =-oo 

n +1  n+1 

=  ^o[m]+  'YJw[n\  =  y1[n'\  +  y2[_n\  (Additive) 

m=-  oo  m=-  oo 

Since  the  system  is  homogeneous  and  additive  it  is  also 
linear 

n+1  n+1 

y^n]  =  y2M  = 

m=-  oo  m=-  oo 

n-n„ +1  n+1 

y,[re  -  raj  =  X  =  X  =  y*W 

m  =-oo  q=-co 

(Time  Invariant) 

At  any  discrete  time,  n  =  n0  ,  the  response  depends  on 
the  excitation  at  the  next  discrete  time  in  future. 

(Anti  causal) 

If  the  excitation  is  a  constant,  the  response  increases 
without  bound.  (Unstable) 

35.  (A)  y1[n]  =  ^Jv[n\,  y2=4kv[n\=Jk4v[n\ 

ky^n]  =  kj v[n\  *  y2ln]  (Not  Homogeneous  Not  linear) 
y1ln]  =  ^Jv[n\ ,  y2ln]  =  ^v[n  -  nj 

y1ln-n0]  =  ^ v[n  -  nj  =  y2ln]  (Time  Invariant) 

At  any  discrete  time  n  =  na  ,  the  response  depends  only 
on  the  excitation  at  that  time  (Causal) 

If  the  excitation  is  bounded,  the  response  is  bounded. 

(Stable). 

36.  (B)  y\_n\  =2x2[«] 

Let  xlln]  =  vln]  then  y1[n]  =  2v2ln] 

Let  x2ln]  =  kv[n]  then  y2ln]  =2k2v2[n\ 

kyln]*  y2[n]  (Not  homogeneous  Not  linear) 

Let  x^ln]  =  vln]  then  ylln]  =  2v2ln] 

Let  x2[n\  =  v[n  -  na]  then  y2[n\  =  2v2\n  -  na] 
y1ln-n0]=2vln-n0]  =  y2ln]  (Time  invariant) 

At  any  discrete  time,  n  =  nB  ,  the  response  depends  only 
on  the  excitation  at  that  time.  (Causal) 


If  the  excitation  is  bounded,  the  response  is  bounded. 

(Stable). 

37.  (B)  yjn]  =  10 v[n]  -  5,  y2ln]  =  10 kvln]  -  5 

y2ln]  ^  ky^ln]  (Not  Homogeneous  so  not  linear) 

y^ln]  =  10  v\n\  -  5,  y2ln]  =  10 v\n  -  na ]  -5 
y^ln  -  na]  =  10v[n  -  nj -5,  =  y2ln]  (Time  Invariant) 

At  any  discrete  time,  n=na  the  response  depends  only 
on  the  excitation  at  that  discrete  time  and  not  on  any 
future  excitation.  (Causal) 

If  the  excitation  is  bounded,  the  response  is  bounded. 

(Stable). 

38.  (B)  yin]  =  x[n ]  +  y\n  - 1],  y\n  - 1]  =  x[n  - 1]  +  y\n  -2] 
y\n~\  =  x\n  \  +  xln  -  1J  +  yin  -2],  Then  by  induction 

co 

y[n ]  =  x[n  - 1]  +  x[n  -2]  + ...  x[n  - k]  + . . .  =  ^  x[n  - k ] 

k=0 

-oo  n 

Let  m  =  n-k  then  yin]  =  X  xlm]  =  X  x\-m^ 

m=n  m=-co 

n  n 

y,[ral  =  X vlm 1,  y2ln]=  ^kvlm]  =  ky1ln] 

m=-  oo  m=-  oo 

(Homogeneous) 

n  oo  n 

y2ln]  =  XC^771]  +  wlm])  =  X^[m]+  ^wlm] 

m=-  oo  m=-  oo  m=-  oo 

=  yjn]  +  y2ln]  (Additive) 

System  is  Linear. 

oo  n 

yM]=  Xu[m]  »  T2  =  Xyl n~n0\ 

m=-  oo  m=- co 

y1  In]  can  be  written  as 

n-n0  n 

y\n  -na]=  X  vim]  =  X  vlq  -  n0]  =  y2ln] 

m  =  —co  17= -co 

(Time  Invariant) 

At  any  discrete  time  n  =  na  the  response  depends  only 
on  the  excitation  at  that  discrete  time  and  previous 
discrete  time.  (Causal) 

If  the  excitation  is  constant,  the  response  increase 
without  bound.  (Unstable) 

39.  (C)  Only  statement  (b)  is  false.  For  example 

S1  :  yin]  =  xln]  +  b,  and  S2  :  yin]  =  xln]  -  b  ,  where  b  0 
£>{x[h.]}  =  SJSj  {x[n]}}  =  S2{x[n]  +  b}  =  xln] 

Hence  S  is  linear. 

40.  (B)  For  example 

S1  :  yin]  =  nxln]  and  S2  :  yin]  =  nxln  +  1] 

If  xln]  =  5[n]  then  S2 {Sx |5[tz]} }  =  S2[0]  =0, 
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Statement  for  Q.l-12: 

Determine  the  Laplace  transform  of  given  signal. 


[I  x(t)  =  u(t  -2) 


(A) 


-e 


(C)  — 

1  +  s 

3  x(t)  =  u(t  +  2) 

(A)  - 

s 

e“2s 
(C)  — 
s 

3  x(t)  =  e~2‘u{t  +  1) 

1 


(A) 


s  +  2 


(C) 


,-(*+2) 


s  +  2 

3  x(t)  =e2‘u(-t  +  2) 

2(s-2)  _  1 

(A) 

(C) 


s-2 

1  -  e“2(s_2) 
s-2 


3  x(t )  =sin  5 1 
(A)  5 


s2  +5 


(C) 


(B) 


(D)  0 


(B)  -- 
s 


(D) 

(B) 

(D) 

(B) 

(D) 


-e 


s  +  2 

-e~s 
s  +  2 


-2s 


s  +  2 

e“2s 

s^2 


3  x(t)  =  u(t)  -  u(t  -2) 

e“2s  - 1 

(A)  - 

s 

(C)  - 


3  x{t)  =  —  {te  ‘u(t)  1 
dt 


(A) 

(C) 


s(s  +  1) 

e“s 


s  +  1 

3  x{t)  =  tutt)  *  cos  2nt  u(t) 

1 


(A) 

(C) 


s(s2  +  47i2) 

1 

s2(s2  +  4jt2) 


3  x(t)  =  t3u(t) 

<a)4 


<o4 


(B) 


(D) 


1  -e 


-2 


(B) 

(D) 


(s  +  l)2 
e~s 

(s  +  l)2 


(B) 


2  n 


s2(s2  +  4ti2) 


(D) 


(B) 


s2  +  4it2 


-3 


m  x(t)  =  u(t  - 1)  *  e  2'w(t  - 1) 

-2(s+ 1 ) 


s2  +25 


(A)  e 

(B) 

(B)  „s 

2s  +  1 

s2  +  5 

-(s+2) 

(D)  2  Soc 
s  +  25 

(C)e  o 

s  +  2 

(D) 

(di-4- 


g-2(s+l) 

s  +  1 

e-2(s+l) 

s  +  2 
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0  x(t)  =  j e  3t  cos  2t  dx 
o 


EH  x(s) 


s2  -3 

(s  +  2)(s2  +  2s  +  1) 


(A)  ~^s  +  3) 

s((s  +  3) 2  +  4) 


(B) 


(s  +  3) 

s((s  +  3) 2  +  4) 


(C) 


s(s  +  3) 

(s  +  3)2  +  4 


(D) 


-s(s  +  3) 
(s  +  3)2  +  4 


^3  *(t) = t 


d_ 

dt 


cos  t  u(t)} 


(A) 


-is2  +  4s  +  2) 
(s2  +2s  +  2)2 


(B) 


(s2  +  4s  +  2) 
(s2  +  2s  +  2)2 


(C) 


(s2  +  2s  +  2) 
(s2  +  4s  +  2)2 


(D) 


-is2  +  2s +  2) 
is2  +  4s  +  2)2 


Statement  for  Q.13-24: 

Determine  the  time  signal  xit)  corresponding  to 
given  Xis )  and  choose  correct  option. 


fBl  Xis )  = 


s  +  3 

s2  +  3s  +  2 


(A)  (e-2t -2te~‘)uit) 
(C)  ie~‘  -  2te~2t)u(t) 


(B)  (e“2<  +  2te~‘)uit) 
(D)  ie-‘  +  2 te-2‘)uit) 


EH  xis) 


3s  +  2 

s2  +  2s  +  10 


(A) 

(B) 


3e  '  cos  3t  -  —  e  ‘  sin  3 1  |w(t) 
3  J 

3e~‘  sin  3t  -  —  e~‘  cos  3 1  |«(t) 
3  J 


(C)  (3e  ‘  cos  3 1  -  e  ‘  sin  3 t)uit) 

(D)  (3e“'  sin  3 1  +  3e~‘  cos  3t)uit) 


E0  Xis)  = 


4s2  +  8s  +  10 
(s  +  2)(s2  +2s  +  5) 


(A)  (2e“2'  +  2e“f  sin  2 1  -  2e~‘  cos  2 t)uit) 

(B)  (2e“2*  +  2e_i  cos  2 1  -  2e~‘  sin  2 t)uit) 

(C)  (2e“2'  +  2e_i  cos  2 1  -e~‘  sin  2 t)uit) 

(D)  (2e“2t  +  2e_<sin2t  -e“‘cos2 t)uit) 


(A)  (2e“2(  +  e-‘)uit) 

(B)  (2  el  -e2t)uit) 

(C)  (2 e-2t -e~‘)uit) 

(D)  (2e~f  +  e2t)uit) 

E0  x(s)-2s2,+  10s  +  11 
s’  +  5s  +  6 

(A)  2m  +  ie~3t  -e~2t)uit) 

(B)  2§(t)  +  (e“2‘  -e~3‘)uit) 

(C)  2m  +  (e“2<  +  e~3t)uit) 

(D)  25(t)  ~(e“2t  +  e~3‘)uit) 

E0x(s)-  22s_1 

s2  +2s  +  1 

(A)  (3e‘!  -2 te-‘)uit) 

(B)  (3e‘!  +  2  te~‘)uit) 

(C)  (2e_<  -  3 te-‘)uit) 

(D)  (2e“‘  +  3 te-‘)uit) 

» 5!+,4„ 

s  +  3s  +2s 

(A)  (2  +  e~l  +  3 e~2t)uit) 

(B)  (2  +  e~‘  -  3 e-2t)uit) 

(C)  (3  +  e~‘  -  3 e-2t)uit) 

(D)  (3  +  e~‘  +  3e~2t)uit) 

m  xis) = - 


3s2  +  10s  +  10 


(s  +  2)(s2  +  6s  +  10) 

(A)  (e“2‘  +  2e“3'  cos  t  +  2e“3t  sin  t)uit) 

(B)  (e“2‘  +  2e“3'  cos  t  -  6e“3*  sin  t)uit) 

(C)  (e“2‘  +  2e“3'  cos  t  -  2e“3'  sin  t)uit) 

(D)  (9e“21  -  6e“3‘  cos  t  +  3e~3t  sin  t)uit) 


SI  X(s) 


2s2  +  11s  +  16  +  e~2s 
(s2  +  5s  +  6) 


(A)  26(t)  +  (3e“2‘  -2e~3‘)uit  -2) 

(B)  2 Sit)  +  (2e“2<  -  e”3t  +  e-2(‘-2)  +  e~3U~2))uit) 

(C)  2?{t)  +  (2  e~2t -e~3‘)uit)  +  ie~2t  -  e3t)uit -2) 

(D)  2m  +  (2e”2t  -e~3t)uit)  +(e"2(f_2)  -  e“3<f_2))u(t  -2) 


Xis)  =s 


ds2 


(A) 


2 1  t 

e“3'  +  — sin  3 1  +  — cos  3 1 
3  9 


3 

I  uit) 


(B)  (e  3<  +  2t  sin  3 1  +  t2  cos  3 t)uit) 

2 1  \ 

—  sin  3 1  +  t2  cos  3 1  a(t) 

3  J 

(D)  ie~3‘  +  t2  sin  3 1  +  2tcos  3 t)uit) 


(C)  e"31  + 
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X(s)=- 


(2s  +  l)2  +  4 
(A)  e~°'5'sin  t  u{t) 

(C)  —  e-0'5<  sin  t  u{t) 

4 


(B)  —  e  ‘sin£  u(t) 
2 


(D)  e  1  sin  t  u(t) 


X(s)  =e“2s  — 


ds  ^  (s  +  l)2 
(A)  -  te-‘u(l  - 1) 

(C)  -{t  -2)2e~i‘~2)u(t  -2) 


(B)  -te  - 1) 
(D)  te-‘u(t- 1) 


Statement  for  Q.25-29: 

Given  the  transform  pair  below.  Determine  the 
time  signal  y(t)  and  choose  correct  option. 

cos  2 1  u(t)  <— - — >  X(s). 


M  Y(s)=(s  +  l)X(s) 

(A)  [cos  2t  -2  sin  2t]u(t) 

(C)  [cos2£  +  2s\n2t]uit) 


(B)  |  cos  2 1  +  |w(t) 


(D)  |  cos  2 1  -  \u(t) 


Y(s)  =  X(3s) 


(A)  cos  |  —t  \uit) 


(C)  cos  6 1  uit) 


(B)  ^cos 


(D)  —cos  6t  uit) 
3 


E0  Y(s)  =  X(s  +  2) 
(A)  cos  2(^  —  2)  uit) 
(C)  cos  2 it  +  2)  uit) 


(B)  e2<cos  2t  uit) 
(D)  e“2'cos  2 1  uit) 


a  Y(s)  = 


X(s) 


(A)  4  cos  2 t  uit) 
(C)  t 2  cos  2£  u(t) 


1  -cos2i 

(B)  - - - uit) 


,  cos2£ 

(D)  — —  uit) 


3  Y(s)=^-[e-3sZ(s)] 
as 


(A)  icos2(t  -  3)  wG  -  3) 
(C)  -icos  2 it  -  3)  uit  -  3) 


(B)  tcos2(t  -  3)  uit) 
(D)  -£cos  2(t  -  3)  uit) 


Statement  for  Q.30-33: 

Given  the  transform  pair 

x(t)u(t )  <  L  >  2s  . 

s2  +2 


Determine  the  Laplace  transform  Y(s)  of  the  given 
time  signal  in  question  and  choose  correct  option. 


5Til  y(t)  =  xit  -2) 


(A) 


2se~2s 
s2  +2 


(C) 


2(s  -2) 
(s-2)2  +  1 


m  y(t)  =  x(t)*dxit± 


(A) 


4s3 

(s2  +2)2 


(C) 


-4s3 
(s2  +2)2 


5^1  yit)  =  e  ‘xit) 


(A) 


2(s  +  1) 
(s  +  l)2  +  2 


(C) 


2(s  +  1) 
s2  +2s  +  4 


(B) 


2se2s 
s2  +2 


(D) 


2(s  +  2) 

(s  +  2)2  +  1 


(B) 


4 

(s2  +2)2 


(D) 


4 

(s2  +  2)2 


(B) 


2(s  +  1) 
s2  +  2s  +  2 


(D) 


2(s  +  1) 
s2  +  2s 


5S1 

(A) 


yit)  =2  txit) 
8 -4s2 
(s2  +2)2 


(B) 


4s2  -8 
(s2  +2)2 


Statement  for  Q.34-43: 

Determine  the  bilateral  laplace  transform  and 
choose  correct  option. 


UJ  xit)  =e  ‘uit  +  2) 


2(s  +1) 

(A)  - - 

s  +  1 

Reis)  >-l 

(B) 

1  +  s 

Re  (s)  <  - 1 

2(s  +1) 

(C)  — 

S  +  1 

Re  (s)  <  - 1 

(D)  J-, 

1  +  s 

Re(s)  >-l 
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^3 

(A) 

(B) 

(C) 

(D) 


x(t)  =  u(  —t  +  3) 
1  -  e“3s 


s 


s 


1  -  e~3s 
s 


ETtl  y(t )  =6(^  +  1) 
(A)  es,  Re(s)  >0 
(C)  es,  all  s 


$71  x{t)  =sin  t  u(t) 


(A) 

(B) 

(C) 

(D) 


1 

(1  +  s2) 

1 

(1  +  S2) 

-1 

(1  +  S2) 

-1 

(1  +  S2) 


Re  (s)  >0 
Re  (s)  <0 
Re  (s)  <0 
Re  (s)  >0 

(B)  es,  Re  (s)  <0 

(D)  None  of  above 

Re  (s)  <0 
Re  (s)  >0 
Re  (s)  <0 
Re  (s)  >0 


_  t 

x(t)  =e  *u(t)  +  e~‘u(t)  +  e‘u(-t) 


6s2  +2s-2 
(2s  +  l)(s2  - 1)  ’ 


Re  (s)  <  -0.5 


(B) 


6s2  +  2s  -2 
(2s  +  l)(s2  - 1)  ’ 


-1  >  Re  (s)  >  1 


(C) 


1 

s  +  0.5 


(D) 


1 

s  +  0.5 


1  1 

- T  + - 7  ’ 

s  +  1  s  - 1 

1  1 

s+1  s^l ’ 


-1  <  Re(s)  <1 
-0.5  <  Re  (s)  <  1 


t 

5T51  x(t)  =e'cos2 1  u(-t )  +  e~‘u(t)  +  e*u{t) 


(A) 


(1  —  s) 

(s  -  l)2  +  4 


1  1 

s  +  1  s  -0.5 


0.5  <  Re  (s)  <  1 


(B) 


(1-s) 

(s  -  l)2  +  4 


1  1 
s  +  1  s  -0.5 


-1  <  Re(s)<l 


Signal  &  System 


e3s 

(A)  " 
s  -  3 

Re  (s)  >  3 

e3s 

(B)  -i-  , 
s  -  3 

Re  (s)  <  3 

3(s-l) 

(C)  v 

s  -  3 

Re  (s)  >  3 

3(8-1) 

(D)  -  —  » 

s  -  3 

Re  (s)  <  3 

x(t)  =cos  3 1  u(-t) 

*  e~‘u{t) 

( \)  ~s 

(s  +  l)(s2  +  9)  ’ 

Re  (s)  >0 

(B)  ~S 

(s  +  l)(s2  +  9)  ’ 

-1  <  Re(s)  <0 

(C)  s 

(s  +  l)(s2  +  9)  ’ 

-1  <  Re(s)  <0 

(D)  S 

(s  +  l)(s2  +  9)  ’ 

Re  (s)  >0 

^3  x(t)  =  e‘  sin  (2 1  +  4)  u(t  +  2) 

2(s-l) 

(A)  e  -  ,  Re  (s)  >  1 

(s  - 1)2  +  4 

e2(s_1) 

<B*  (s  - 1)2  +  4 

Re  (s)  <  1 

(s-2) 

<BI  (s  - 1)2  +  4 

Re  (s)  >  1 

(8-2) 

<D)  (s  - 1)3  +  4  ' 

Re  (s)  <  1 

EE1  x(t)=e‘  —  [e-2‘u( 
dt 

-*)] 

(A)1-;, 

Re(s)  <-l 

(B) 

S  +  1 

Re(s)  >-l 

(C)  s“^ , 

Re(s)  <-l 

(D)  , 

S  +  1 

Re(s)  >-l 

Statement  for  Q.44-49: 


(C)  (s  1}  +  1  +  1  , 

0.5  <  Re  (s)  <  1 

Determine  the  corresponding  time  signal  for  given 

(s  - 1)  +  4  s  +  1  s  -0.5 

bilateral  Laplace  transform. 

(D)  (®  ~1]  +  1  +  1  , 

-1  <  Re  (s)  <  1 

(s  —  l)2  +  4  s  +  1  s  -0.5 

fJ3  X(s)  =  — —  with  ROC:  Re  (s)  <  -2 
s  +  2 

[0  x(t)=d3t+R)u(t  +  3) 

(A)  e“2((+5W  +  5) 
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(A)  —  e  '  sin  t  u(t) 
2 


(B)  2e  'cos  t  u(t ) 


(C)  2e  '  cos  tu{t)  +  —e  '  sin  t  u{t) 
2 


(D)  —  e  '  cos  t  u(t  - 1)  +  2e  'sin  tuit- 1) 
2 


1  TYw  +  4T4«  +  3^to=;t(i) 

dt3  dt 2  dt 

All  initial  condition  are  zero,  x(t)  =  10e“2‘ 


(A) 

(B) 


—  +  5e“‘  -  5e“2'  +  —  e~3t 
3  3 


u(t) 


—  -  5e  '  +  5e  2'  +  —  e  31  u(t) 
3  3 


(C)  —  u(t)  -5  uit  - 1)  +  5  uit  -2)  +  -u(t-  3) 

3  3 

(D)  -  u(t)  +  5 u(t  - 1)  -  5 u(t -2)  +  -u(t-3) 

3  3 


The  transform  function  H(s)  of  a  causal  system  is 
,  2s2  +  2s -2 

ms)  =  s!l 

The  impulse  response  is 

(A)  26 +e‘M-t) 

(B)  25 (t)  -(e-‘  +  e‘)u(t) 

(C)  25U)  +  e~‘u(t)  -e‘u(-t) 

(D)  25 (t)  +  ( e“'  +  e‘)u(t ) 


The  transfer  function  H(s)  of  a  stable  system  is 


H(s)  = 


2s -1 
s2  +  2s  +  1 


The  impulse  response  is 

(A)  2 u(-t  +  1)  -  3 tu(-t  +  1) 

(B)  (3 te~‘  -2e-‘)u(t) 

(C) 2u{t  +  l)-3tu(t  +  l) 

(D)  (2e”‘  -  3 te-‘)u(t) 


A  stable  system  has  input  x(t)  and  output 
y(t)  =e“2'cos  t  u(t).  The  impulse  response  of  the  system 
is 

(A)  5 (t)  -  (e“2i  cos  t  +  e“2‘  sin  t)u(t) 

(B)  6 (t)  -  ( e“2'  cos  t  +  e_2‘  sin  t)u{t  -  2) 

(C)  5 (t)  -  (e2'  cos  t  +  e2'  sin  t)u(t) 

(D)  5(t)  -(e2'cos  t  +  e2‘sin  t)u(t  +  2) 

f&il  The  relation  ship  between  the  input  x(t)  and  output 
y(t)  of  a  causal  system  is  described  by  the  differential 
equation 

+  10  y(t)=  10  x(t) 
dt 

The  impulse  response  of  the  system  is 

(A)  -10e-1°'u(-t  +  10)  (B)  10e"lo‘«(t) 

(C)  10e“10‘u(-t  +  10)  (D)  -10e“10'«(t) 


The  relationship  between  the  input  x{t)  and  output 
y(t)  of  a  causal  system  is  defined  as 


d2y(t) 

dt2 


dy(t ) 
dt 


-2 y(t)  =  -4 x(t)  +  5 

dt 


The  impulse  response  of  system  is 

(A)  3 e~‘u(t)  +  2 e2tu{-t) 

(B)  (3e“‘  +  2e2t)u(t) 

(C)  3e-‘u(t) -2e2tu(-t) 

(D)  (3e“'  -  2e2‘)u(-t) 


The  transfer  function  His)  of  a  stable  system  is 


His)  = 


5s  -9 


(s  +  l)(s2  -2s +  10) 


The  impulse  response  is 

(A)  -e^uit)  +  (e‘  sin  3 1  +  2e'  cos  3 t)u(t) 

(B)  -e^uit)  ~(e‘  sin  3 1  +  2e'  cos  3t)u(-t) 

(C)  -e^uit)  -(e'sin  3 1  +  2e'cos  3 t)u(t) 

(D)  -e~‘u(t)  +  (e‘  sin  3 1  +  2e‘  cos  3 t)u(-t) 
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SOLUTIONS 


1.  (B)  Xis)  =  J  x(t)e~s‘dt  =  J  e*dt  =  — 


2.  (A)  Xis)  =  j  x(t)e~3‘dt  =  \uit  +  2 )~3tdt  =  J  e~3‘dt  =  - 


3.  (A)  X(s)  =  f  e~2te~stdt  =  — — 

J  C  4- 


s  +  2 


4.  (C)  X(s)  =  J  x{t)e~s‘dt  =  j  e2tui~t  +  2  )e~s‘dt 
=  j  e,(:-s)dt  = ' 


0  0 

g2(2-s)  _  _  -2(2-s) 

2  - s  s  -2 


5.  (C)  X(s)  =  J 


O'®-  e~J5t)  5 

’  estdt  =- 


2  j 


s1  +25 


6.  (B)  X(s)  =  |  e~s‘dt 


1-e 


r(t)=e~2‘u(t)  R(s)=- 


s  +  2 


vit)  =  e~2tuit  - 1)  Vis)  = 


-(«+  2) 


xit)  =  qit)  *  vit)  <  L  >  Z(s)  =  Q(s)V(s) 


X(s)=- 


_-2(s+l) 


s  +  2 

11.  (B)  pit)  =e~3t  cos  2t  uit)  P(s)  = 

J  p(x)dx  ■  L  '  1  r 

—00 

=>  X(s)  = 


s  +  3 


is  +  3)2  +  4 


s 

(s  +  3) 


1  0 

-  |  pix)dx  - 


s[(s  +  3)  +  4] 


12.  i A)  pit)  =e  ‘ cost  uit)  < — - — >  Pis)  = 

,  d  ,  r  _ ,  ,  sis  +  1) 

q(t)=  —  pit)  < - >  Qis)=- - -j — - 

dt  is  +  l)2  +  1 

xit)  =  tq(t)  ^ — >  Xis)=~  —  Qis) 


s  +  1 


(s  +  l)2  +  1 


ds 


Xis)  = 


-is2  +  4s  +  2) 
(s2  +  2s  +  2)2 


7.  (B)  pit)  =  te~‘u(t)  Pis)  =  -—^-T 

is  +  l)2 

xit)  =  d  rtt)  <-*->  Xis)  =  /  s  „ 
dt  is  +  l)2 


8.  (A)  pit)=tuit)  <  L  >  Pis) =  ^r 

s2 

qit)  =  cos  2nt  uit)  ^ — >  Qis)  =  „  S — 5- 

s2  +  4ti2 

x(£)  =  p(£)  *  q(£)  <  L  >  X(s)  =  P(s)Q(s) 

=>  X(s)=-  1 


s(s  +  471  ) 


9.  (C )pit)  =  tuit)  <  L  >  P(s)=-j 

s2 

qit)  =  -tpit)  <-£->  Q(s)=^-P(s)  = 

ds  s 

xit)=-tqit)  +-^  Z(s)=-^-Q(s)=4 

as  s 


13.  (B)  X(s)  = 


s  +  3 


£ 


(s2  +  3s  +  2)  s  +  1  s  +  2 


A  = 


s  +  3 
s  +  2 


=  2,  B  - 


=-1 

-t  -2 ti 


s  +  3 
s  +  1 


x(0  =[2e  1  -e  Quit) 
14.  (A)  A(s)  =2  -  - 


(s  +  2)  (s  +  3) 

x(t)=2S(t)  +(e“3t  -e~3‘)u(t) 


=  -l 


=  2  -- 


15.  (C)  X(s)=- 


2s -1 


A 


(s  +  2)  (s  +  3) 


B 


s2  +2s  +  1  (s  +  1)  (s  +  l)2 

B  =(2s  —  2)|b _ 2  =  -3,  A  =  2 

xit)  =  xit)  =  [2e“‘  -  3te~‘]uit) 


5s  +  4 


A  B 

■ —  +  ■ 


16.  (B)  X(s)  =-  o  , 

s  +  3s  +  2s  s  s  +  1  s  +  2 

A  =sZ(s)|s=Q  =2,  B=(s  +  l)Z(s)|s=1  =1, 

C=(s  +  2)Z(s)|s=2=-3 

xit)  =[2  +  e~‘  -  3 e~2t]uit) 


10.  (D)  pit)  =  uit)  ^  Pis)  =  - 

s 

qit)  =  uit-  1)  Qis)  =  B-Y 


17.  (C)  Xis)  =- 


s2  -3 


(s  +  2)(s2  +2s  +  1) 
ABC 
~  is  +  2)  +  (s  +  1)  +  is  +  l)2 
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A  =  (s  +  2)X(s)[  _2  =  1  ,C=(s  +  l)2X(s)[_  i  =  -2 
A  +  B  =1  =>  B  =0 
xit)  =  [e~2t  -  te~‘]u(t) 


18.  (A)  X(s)  = 


3s  +  2 


3(s  +  1) 


s2  +  2s  +  10  (s  +  l)2  +  32  (s  +  l)2  +  3 


xit )  = 


3e  '  cos  3 1  —  e  ‘  sin  3 1 
3 


uit) 


19.  (C)  X(s )  = 


4s2  +  8s  +  10 
(s  +  2)(s2  +2s  +  5) 


A 


Bis  + 1) 


C 


(s  +  2)  (s  +  1)  +  2  (s  +  1)  +  2 
A=(s  +  2)X(s)|  =2 

ls=-2 

A  +  P  =  4  =>  B=  2 

5A+2B+2C  =  10  =>  C  =  -2 
xit)  =  [2e“2'  +  2e“‘cos2 1  -e“'sin2£]u(£) 


20.  (B)  X(s)  = 

A 


3s2  +  10s  +  10 
(s  +  2)(sz  +  6s +  10) 
Bis  +  3)  C 


(s  +  2)  (s  +  3)  +1  (s  +  3)2  +  1 
A  =  (s  +  2)X(s)[  2  =  1,  A  +  B  =  3 
10A  +  6B  +  2C  =  10  =>  C  =  -6 
xit)  =  [e~2t  +  2e“®  cos  t  -  6e~31  sin  t]u(t ) 


B  =2 


21.  (D)  X(s)  = 


=  2  +  ■ 


2s2  +  11s  +  16  +  e 
(s2  +  5s  +  6) 

B  e~2s  e 


A  = 


(s  +  2)  (s  +  3)  (s  +  2)  (s  +  3) 
(s  +  2)(2s2  +  11s  +  16) 


B  = 


is  +  5s  +  6) 

(s  +  3)(2s2  +  lls  +  16) 
(s2  +  5s  +  6) 


=  2 


=  -l 


xit)  =25 it)  +  [2e-2t  -  e~3t]u{t)  +  [e'2(t-2)  -e-3(f-2,M^  -2) 


22.  (C)  P(s)  =  ^ -  <— - — >  pit)  =  —  sin  3t  uit) 

s2  +  9  3 


Q(s)=-^iP(s)  <  L  >  qit)  =i-l)2t2 pit)  =  — sin  3t  uit) 

as  3 

P(s)=sQ(s)  ^ — >  r{t)  =  —  q{t)  -  q{ 0“) 


cP 


2 1 

=  — sin  3£  u(t )  +  t2  cos  3£  w(£) 
3 


V(s)  =- 


s  +  3 
xit)  =  v(t)  +  r{t)  = 


-+  v(t)=e3‘u(t) 


2t 

—  sin  3 1  u{t)  +  t 2  cos  3£  u{t)  +  e~3f  u(£) 
3 


23.  (C)  P^-j  a/XcP) 

- ^ ^ — »  —  e~‘sin2tuit) 

(s  +  l)2  +  4  2 

xit)  <— - — >  —  e~°'5'sin  t  uit) 

4 


24.  (C)  P(s)  = 


1 


(s  +  l)2 


— >  pit)  =  te‘uit) 


Qis)  = —  Pis)  <— - — >  qit)  =-tpit)  =-t2e ‘uit) 

ds 

Xis)  =  e~2sQ(s)  <-=£->  x(f)  =  qr(f  -  2) 

=>  xit)  =-it  -2)  eu~2)uit  -2) 


25.  (A)  sX(s)  +  A(s) 


l  .  dxit) 


dt 


xit) 


yit)  =(-2  sin2£  +  cos2£)w(£) 


26.  (B)  X|^— J  <— — — >  axiat) 
Xi  3s)  |cosf|ij«(rt 


27.  (D)X(s  +  2)  e“2ix(i) 


28.  (B)  Pis)  =  <— j  xiAdx 

^  -00 

| cos  2t  uix)dx  = 

-oo 

sin2x  ,  l-cos2£ 


r  sinzi  . 

- ax  = 

J  9 


uit), 


29.  (C)  Pis)  =  e  3sXis)  <-A - — >  pit)  =  xit  -  3) 

=  cos  2 it  -  3)  uit  -  3) 

Qis)  =  -j-  Pis)  qit)  =  -pit) 

ds 


=  -t cos  2it  -  3)  uit  -  3). 


30.  (A)  xit  -2)  e-2sX(s),  y(s)  = 


2se 


s2  +2 


31.  (A)  pit)  =  —  xit)  <-=£->  P(s)  =  sX(s) 
dt 

yit)  =  xit)*  jit)  Yis)=Pis)Xis)=stXts))2 

2  is  +  1) 


32.  (A)  e~‘x  it)  <— Z(s  +  1)  = 


(s  +  l)2  +  2 
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33.  (B)  2 txit)  ^  -2  —  Xis)  =  4f  8, 

ds  is2  +  2)2 

00 

34.  (A)  Xis)  =  J  xit)e~stdt 

—00 

00  00  2(s+l) 

=  [  e'e^dt  =  [  e~‘(s+1)dt  =  - ,  ReU)  >  - 1 

-2  2  s  +  i 

oo  3  _  -3s 

35.  (B)  X(s)  =  |  ui-t  +  3)e~s‘dt  =  J  e~“dt  = - Re  (s)  <0 

—oo  —oo 

oo 

36.  (C)  Y(s)  =  |  dit  +  1  )e~s‘dt  =  e\  All  s 


?  (pj‘  -  P~j‘ ) 

37.  (B)  X(s)  =  - - — -  e~s,dt 

{  2  j 

=  —  }  etlj~s)dt  -  —  f  e~t(j+s)dt  =  1 

2j  o  2jJ  1  +  s2 


Re  (s)  >0 


38.  (D)  Xis)  =  J  e~2e~st  +  J  e'e^dt  +  J  e‘e~s‘dt 


s  +  0.5  s  +  1  s  - 1 
Re  (s)  >  -0.5,  Re  is)  >  -1,  Re  (s)  <  1 
=>  -0.5  <  Re  (s)  <  1 


?  (PJ‘  - P-J‘ ) 

39.  (A)  X(s)  =  jV  - - —  e~stdt  +  J e^e^dt  +  \e  2e~stdt 

-00  ^ j  0  0 


Re  (s)  <  1,  Re  (s)  >  -1,  Re  (s)  >  0.5 
Therefore  0.5  <  Re  (s)  <  1 

v,  ,  s - 1  1  1 

(s  —  l)2  +  4  (s  +  1)  s  -0.5 

40.  (C)  x(t)=e-3e~w+3)u(t  +  3) 
pit)=e3‘uit)  ^ — >  Pis)  = 


s  -  3 


q(t)  =  p(t  +  3)  +-^  Q(s)  =  e3sP(s)  = 


s  -  3 


X(s)=- 


3(s-l) 


s  -  3 


Re  (s)  >  3 


41.  (B)  p(f)  *  g(i)  Pis)Q(s) 


X(s)  =- 


s  +  9  l^s  +  1 
Re(s)>-1,  Re(s)<0 
=>  -l<Re(s)<0 


42.  (A)  xit)  =  e  V+2  sin  (2 1  +  4)  uit  +  2) 
pit  +  2)  <— e2sP(s), 


X  (s)  = 


(s-1)2  +4’ 


Re  (s)  >  1 


-1 


43.  iA)  pit)  =e~2t ui-t)  Pis)  =  — — ,  Re  (s)  <  -  2 

s  +  2 


q(t)  =—  pit)  <  L  >  Qis)=sPis) 
dt 

xit)=e‘qit)  Xis)  =Qis  -1)  = 

Re  (s)  <  - 1  thus  left-sided  . 


44.  (C)  Left-sided 
Pis)=-  1 


1  -s 
1  +  s 


-  <— - — >  pit)  = -e  2tui-t) 

s  +  2 

X(s)  =e5sP(s)  < — - — >  xit)  =  pit  +  5) 

=>  xU)  =  -e-2(t+5)w(-U  +  5)) 


45.  (A)  Right-sided 

P(s)  = 


(8-3) 


-+  pit)=e3‘uit) 


Xis)  =  P(s)  x(f)  =  *2e3‘w(rt 

ds2 


46.  (D)  Left-sided 

x(£)  =  -ui-t)  +  ui-t  +  1)  +  dit  +  2) 


->  pit)  —  uit) 


47.  (C)  Right-sided,  Pis)  =  -  +- 

s 

Q(s)  =  e“3sP(s)  <— ^  qit)  =  pit  -  3)  =  m(*  -  3) 

Ris)  =  —Qis)  <— - — >  rit)  = -tqit)  = -tuit  -  3) 
ds 

Vis)  =  -Ris)  uft)  =  jr(T)dT 

—oo 

t  1 

=>  u(^)  =  —  J  =  —  it2-  9) 

3  2 

Z(s)=-o(s)  xit)=-~  \it2  -9) 


xit)  = 


—  (£3-27)  +  -(*-3) 
6  2 


uit  -  3) 


48.  (B)  X(s)  = 


-s  -  4 


-3 


s  +  3s  +  2  (s  +  1)  s  +  2 


Left-sided,  xit)  =  3e  ‘ui-t)  -2e  2tui-t) 

49.  (A)  Xis)=— - X, 

(s  +  1)  (s  +  1)2 

Left-sided,  xit)  =  -5ui-t)  +  te'ui-t) 
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50.  (D)  x(0+ )  =  lim  sZ(s)  =  ^ — - =0 

s  +5s-2 


51.  (A)  x(0+)  =  limsX(s)  =  f  +2s  =  1 
*-*°  s +  2s  -  3 


e  2s(6s3  +  s2) 

52.  (D)  x(0+ )  =  lim sZ(s)  =  ,  ;  =0 

s-*°  s  +  2s  -2 


hit )  =(2e  -  3 te  )u(t). 


+  qs 

53.  (A)  x(oo)  =  lim  sXis)  =  9 

s^°  s  +  5s  +  1 


=  0 


54.  (C)  x(oo)  =  lim  sX(s)  =  „  S  +  2 —  =2 

s->0  s  +  3s  +  1 

e“3s(2s2  +  1)  1 

55.  (B)  x(oo)  =lim  sZ  (s)  =  9  ;  =  - 

s^°  s  +  5s  +  4  4 

56.  (C)  sY(s)  -  y( 0“)  +  10F(s)  =  10(s) 

y(0)=l,  X(s)  =- 
s 


Y(s)  = 


10 


s(s  +  1)  (s  +  1)  s 
=>  y(t)  =  u(t ) 

57.  (C)  s2Y(s)  -2s  +  2sF(s)  -2  +  5Y(s)  =  1 
(s2  +2s  +  5)Y(s)  =  3  +  2s 


Y(s)  =- 


2s  +  3 


2(s  +  1) 


61.  (A)  H(s)=- 


-1 


2(s  -  1) 


(s  +  1)  (s  - 1)2  +  32  (s  - 1)2  +  32 
System  is  stable 

h(t)  =  -  e~‘u(t)  +  (2e‘  cos  3 1  +  e‘  sin  3 t)u(-t) 


62.  (A)  X(s)  =  \  ,  Y(s)  =  (So+.2)  - 

s  +  1  (s  T-  2)  +  1 


H(s)  = 
=  1- 


Y(s)  _  (s  +  l)(s  +  2) 
~X(s)~  (s  +  2)2  +1 
(s  +  2)  1 


(s  +  2)2  +  1  (s  +  2)2  +  1 

h(t )  =  5 (t)  -(e“2'cos  t  +  e"2isin  t)u(t ) 

63.  (B)  sY(s)  +  10 Y(s)  =  10X(s) 

X(s)  s  +  10 

=>  h(t)  =  10e-lotu(t) 

64.  (B)  Y(s)(s2  -  s  -  2)  =  Z(s)(5s  -  4) 

,  Y(s)  5s -4  3  2 

H(s)  =  - 


X(s)  s2  - s  -  2  s  +  1  s-2 

h(t)  =  3e~‘u(t)  +  2  e2tu(t). 


s2  +  2s  +  5  (s  +  lf+22  (s  +  l)2  +  22 


y(t)  =2e  ‘cos  t  u{t)  +  —  e  ‘  sin  t  u{t) 
2 


58.  (B)  s3Y(s)  +  4s2Y(s)  +  3sY(s)  = 


10 


(s  +  2) 


Y(s)  = 


10 


D 

s(s  +  l)(s  +  2)(s  +  3)  s  (s  +  1)  (s  +  2)  s  +  3 


A  B  C 

-  +  - 


A=sY(s)|  =Y  B=(s  +  l)Y(s)|  =-5, 

is-u  g  IS-  i 


C  =(s  +  2)Y(s)  =5,  D  =(s  +  3)Y(s)  n  =  " 

IS-  ^  is-u  g 


y(t)  = 


—  -5e~‘  +  5e"2'  +  —  e“3‘ 
3  3 


u(t ) 


59.  (D)  For  a  causal  system  h{t)=Q  for  t<  0 
j?(s)=2  +  ^—  +  ■  1 


s+1  s - 1 
hit)  =26 it)  +  (e”'  +  e‘)u(t) 


60.  (D)  His)=— - — — System  is  stable 

s  +  1  (s  +  1)2 
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Statement  forQ.1-12: 

Determine  the  z-transform  and  choose  correct 
option. 


3  x[n\  =  5 \n  -k\,  k>0 
(A )zk,  z  >0 
(C )  zk  ,  z*  0 

3  x\_n\  =  6 [n  +  k],k>Q 
(A)  z~k  ,  z*0 
(C )z~k,  all  z 

U  x[re]  =  u[n] 

{A)r^ 

(C)  — 


3  3e[n]=f-^-j  {u[n]  -  u[n -5]) 


(B)  z~h  ,  z  >0 
(D)  z“\  z*  0 

(B)  zk ,  z*0 
(D )zk,  all  z 


Iz  1  >  1 

(B) 

1 

Izl  <1 

1-z'1  ’ 

Izl  <  1 

(D) 

z 

Izl  >  1 

1-z-1  ’ 

(A) 


zs -0.25s 
z4(z  -0.25) 


(C)  - 


z5 -0.25s 
z\z  -0.25) 


,  z  >0.25  (B) 


,  z  <0.25  (D) 


z5 -0.25s 
z4(z  -0.25) 

z5-  0.25s 
z4(z  -0.25) 


,  z  >0 


,  all  z 


3  x[n~\  =  f  1  j  u[-n\ 


(A) 

(C) 


4  z 

4z  -1 
1 

1  -  4z 


,  lzl>  — 

(B)  , 

Izl  <  — 

4 

4z  -1 

4 

,  Izl  >  — 

(D)  1  , 

Izl  <  — 

4 

1  -  4z 

4 

3  x[n]  =  3"  w[-n  -  1] 


<A)  3-2  ’ 

Izl  >  3 

Izl  <  3 

<C>3^ 

Izl  >  3 

Izl  <  3 

3  x[n] 

(A) 

(B) 

(C) 

(D) 


.3, 

-5z  3  2 

(2z  -  3)(3z  -2)  ’  2<Z<  3 

-5z  2  .  .  3 

- ,  —  <lzl<  — 

(2z  -  3)(3z  -2)  3  2 

5z  2  .  .  2 

- ,  —  <  I  z  I  <  — 

(2z  —  3)  (3z  —2)  3  3 


5z 


3  2 

(2z  -  3)(3z  -2)  ’  2<Z<  3 


3x[n]=fij  w[n]  +  |A|  u[-n- 1] 


(A) 

1--Z'1  l--z" 

2  4 

1  — z  1 - z 

2  4 


1  i  i  1 

—  <  Izl  <  — 

4  2 


1  i  i  1 

—  <  Izl  <  — 

4  2 


(C) 

1--Z'1  l--z" 

2  4 

(D)  None  of  the  above 


Izl  > 
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lUX(z)= - \z\<- 

1-4  z  4 

(A)  ~Yj22(k+1)dL-n-2(k  +  1)] 

k=0 

00 

(B)  -£22(*+1)5[-n  + 2(^  +  1)] 

k=0 

(C)  -£22(i+1)50  +  2(k  +  1)] 

k=0 

(D)  -  £22(*+1,§[«  -2{k  +  1)] 

k=0 


Consider  three  different  signal 


x1  [n]  = 


2n  -I  - 


m[h.] 


xJn\  =  -2n  u[-n  —  1]  +  —  u[-n  -  1] 

2" 

xJn]  =  -  2"  w[-n  - 1]  — —  u[n\ 

2n 

Fig.  P.5.4.37  shows  the  three  different  region. 
Choose  the  correct  option  for  the  ROC  of  signal 


SI  X(z)  =ln  (1  +  z-1) , 

(A)  ;  8[n  - 1] 

k 

(-1)* 

(C)  ^-8[ra-l] 
k 


Izl  >0 

(B)  S[n  +  1] 

k 

(D)  C_§[re  +  1] 
k 


If  z-transform  is  given  by 

X(z)  =cos  (z~3),  lzl>0, 
The  value  of  xl  12]  is 


(A) 

(C) 


J_ 

24 

1 

6 


(B) 

(D) 


24 

1 

6 


ETtl  X(z)  of  a  system  is  specified  by  a  pole  zero  pattern 
in  fig.  P.5.4.36. 

Im 

z  -  plane 

- (>-X - X - Re 

I  2 

3 

Fig.  P.5.4.36 

Consider  three  different  solution  of  x\_n\ 

' 

u[n\ 

1  ]-  —  u[n] 

3n 

1]  +  —  u[-n  -  1J 
3" 

is 

(A)  xjn]  (B)  x2[n] 

(C)  x3[n]  (D)  All  three 


x2[n\  =  -2n  u[n  - 

x3[n]  =  -2"  u[n  - 
Correct  solution 


R, 

r2 

r3 

(A) 

xjn] 

x2[n] 

x3[n] 

(B) 

x2[n] 

x3[n] 

Xj \n\ 

(C) 

xjn] 

x3[n] 

x2[n] 

(D) 

x3[n\ 

x2[n\ 

Xj \n\ 

si  Given 


l+7z-> 


1--Z-1  T  1  +  -Z-1 


X(z)  = 


For  three  different  ROC  consider  there  different 
solution  of  signal  x[n]  : 


(a)  \z\>  —  ,  x[n\  = 
2 


(b)  Izl  <  —  ,  x[n]  = 
3 


-i  ( -i 


u[n] 


u[-n  +  1] 


(c)  —  <  Iz  I  <—  ,  x[n ]  = - ^—u[-n  —  1]  —  I  —  I  u[n] 


Correct  solutions  are 

(A)  (a)  and  (b)  (B)  (a)  and  (c) 

(C)  (b)  and  (c)  (D)  (a),  (b),  (c) 


Page 

282 


www.gatehelp.com 


The  z-Transform 


GATE  EC  BY  RK  Kanodia 


Chap  5.4 


X(z)  has  poles  at  z=  1/2  and  2  =  -1.  If  x[l]  =  l 
x  [—1]  =  1,  and  the  ROC  includes  the  point  2  =3/4.  The 
time  signal  x[n]  is 

(A)  -ij-atnl-l-DM-n-l] 

2 


(B)  — u[n\  —  (— 1)”  u[-n  -  1] 
2" 


(C) - -  u[n ]  +  u[-n  +  1] 

2n~1 


(D)  —  u[n\  +  u[-n  +  1] 
2n 


23  x[n]  is  right-sided,  X(z)  has  a  signal  pole,  and 
x[0]=2,  x[2]  =  l/2.  x[n]  is 


(A) 


(C) 


u[-n ] 
2n~1 

u[-n] 


(B) 


(D) 


u[n] 

2“_1 

u[-n] 


m  The  z-transform  function  of  a  stable  system  is  given 
as 


H(z)  = 


2--Z- 

2 


(l-22'1)(l  +  -2-1) 
2 


The  impuse  response  h[n]  is 
(A)  2"  u[-n  +  1]  -  -  |  u[n] 


(B)  2"  u[-n  - 1]  + 1  |  u[n] 


(C)  -2“  u[-n  - 1]  + 1  |  u[n] 


SI  The  transfer  function  of  a  causal  system  is  given  as 

5  2 2 


22  -2  -  6 


The  impulse  response  is 

(A)  (3“  +  (-l)“2n+1Mrc] 

(B)  (3“+1  +  2(-2)")u[n] 

(C)  (3“_1  +  (-l)“2"+1)w[rc] 

(D)  (3"_1  -(-2)“+1)«[rc] 

A  causal  system  has  input 

x[n]  =  5[n]  +  —  5[n  -  1]  -  —  § [n  -2]  and  output 
4  8 


y\n\  =  6[n] - 5 [n  - 1]  . 

4 

The  impulse  response  of  this  system  is 
u[n] 


(B) 


(C)| 


(D)  - 
3 


51  f  H; 


"IMt 


-<T 


51 1  +2(t 


u[n] 


u[n ] 


u[n ] 


iTil  A  causal  system  has  input  x\n]  =  (-3)“  u\n]  and 
output 


y[n]  = 


4(2)"  - 


u[n\ 


The  impulse  response  of  this  system  is 


(D)  2 “u[n]-(-l  u[n] 

/lY 

OY 

/iY 

(A) 

7  - 

-10  - 

u[»]  (B) 

7(2“)  - 10  - 

UJ 

I2J 

UJ  . 

sEl  Let  x[n]  =  5[n -2]  +  S[n  +  2].  The  unilateral 
2-transform  is 

(A)  2“2  (B)  22 

(C)  -2Z'2  (D)  2 22 


(C) 


10|  ^  |  -7(2)“ 


u\n]  (D) 


10  (2")  -71 


u[n ] 


m[tz] 


SB  A  system  has  impulse  response 


The  unilateral  2-transform  of  signal  x[?z]  =  u[n  +  4] 


is 


h\_n]  =  —  u[n ] 

2" 

The  output  y[ n  ]  to  the  input  x[n]  is  given  by 


(A)  1  +  2  +  22  +  32  +  24 

(B) 

1  —  z 

y[n]  =  25[n  -4].  The  input  x[n]  is 

1 

(A)  25[-n  -  4]  -  S[— /z  -  5] 

(B)  2 5[zz  +  4J  -  §[n,  +  5] 

(C)  1  +  2_1  +  Z~2  +  2  3  +  2  ^ 

(C)  25[-zz  +  4]-S[-n  +  5] 

(D)  25[/z  -  4J  -  6[zz -5] 
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A  system  is  described  by  the  difference  equation 
y\_n\  -  ^y[n  - 1]  =2 x[n  -  lj 


The  impulse  response  of  the  system  is 


(A)  1  u[n  1] 

2  2 

(B)  1  u\n  + 1] 

2  2 

1 

-1 

O 

to 

*  h 

1 

CO 

A  system  is  described  by  the  difference  equation 
y\n\  =  x[n]  -  x[n  -2]  +  x[n  -  4]  -  x[n  -  6] 

The  impulse  response  of  system  is 

(A)  5[n]  -2 5[re  +  2]  +  45 [n  +  4j  -  65 [n  +  6] 

(B)  5[n]  +  25 [n  -2]  -  45 [n  -  4]  +  65 [n  -  6] 

(C)  5[n]  -  5 [n  -2]  +  5 [n  -  4]  -  5 [n  -  6] 

(D)  5[/i]  -  5 [n  +  2]  +  5 \n  +  4]  -  S[n  +  6] 

&  The  impulse  response  of  a  system  is  given  by 

h[n\  =  —  u[n  -  1], 

4" 

The  difference  equation  representation  for  this 
system  is 

(A)  4 y\n\  -  y\n  - 1]  =  3 x[n  -  1] 

(B)  4 y\n\  -  y\n  +  1]  =  3 x\_n  +  1] 

(C)  4 y[n\  +  y\n  -  lj  =  -  3x\_n  - 1] 

(D)  4 y[n\  +  y[n  +  1]  =  3x[n  +  1] 


The  2-transform  of  a  signal  x[ n ]  is  given  by 

3 


X(z)=- 


10  1  -2 
1 - 2  1  +Z  2 

3 


If  X(z)  converges  on  the  unit  circle,  x\n]  is 

(A>  ”  3^  U[U]  ~  Ul~U  ~ 11 

(B)  —  u\n]  -  —  u[-n  - 1] 

3  8  8 

(C)  —  u[n]  -  —  u[-n] 

3"  8  8 


(D)  -  1,  u[n]  -  —  u[-n] 


The  transfer  function  of  a  system  is  given  as 


H(z)  = 


Izl  > 


1 

4 


The  h[n ]  is 

(A)  Stable  (B)  Causal 

(C)  Stable  and  Causal  (D)  None  of  the  above 

The  transfer  function  of  a  system  is  given  as 


ETI  The  impulse  response  of  a  system  is  given  by 
h[n]  =  5[n]  -  5 \n  -5] 

The  difference  equation  representation  for  this 
system  is 

(A)  y[_n\  =  x\_n\  -  x[n  -  5]  (B)  y[n]  =  x[n ]  -  xYn  +  5] 

(C)  y[_n\  =  x\_n\  +  5 x[n  -5]  (D)  y[n]  =  x[n]  -5 x[n  +  5] 


The  transfer  function  of  a  system  is  given  by 
z(3z  -2) 


H(z)=- 


z  —  z  — 


Consider  the  two  statements 

Statement(i)  :  System  is  causal  and  stable. 
Statement(ii)  :  Inverse  system  is  causal  and  stable. 

The  correct  option  is 

(A)  (i)  is  true 

(B)  (ii)  is  true 

(C)  Both  (i)  and  (ii)  are  true 

(D)  Both  are  false 

ETH  The  impulse  response  of  a  system  is  given  by 


The  system  is 

(A)  Causal  and  Stable 

(B)  Causal,  Stable  and  minimum  phase 

(C)  Minimum  phase 

(D)  None  of  the  above 
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h[n]  =  lO^-^j  w[re] 

For  this  system  two  statement  are 

Statement  (i):  System  is  causal  and  stable 

Statement  (ii):  Inverse  system  is  causal  and  stable. 
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The  correct  option  i 

(A)  (i)  is  true 

(C)  Both  are  true 

571  The  system 

y[n]  =  cy\n  - 1]  -  0.12y[ 

is  stable  if 

(A)  c  <  1.12 
(C)  I  cl  <1.12 


(B)  (ii)  is  true 
(D)  Both  are  false 

-2]  +  x[n  -  1]  +  x[n  -2] 

(B)  c  >  1.12 
(D)  Id  >1.12 


133  Consider  the  following  three  systems 

y-^n]  =0.2 y[n  -  1]  +  x[n] -0.3x[n  - 1]  +  0.02x[n  -2] 

y2[n]  =  x[n]  -  0.1x[n  -  1] 

y3[n]  =0.5y[n  -  1]  +  0.4x[n]  -0.3x[n  - 1] 

The  equivalent  system  are 
(A)  y^n]  and  y2[n]  (B)  y2[n]  and  y3[n] 

(C)  y3Vn]  and  yjn]  (D)  all 


The  z-transform  of  a  causal  system  is  given  as 
2  -  1.5z  1 


X(z)  = 


1-1.5  z- 


0.5z- 


The  x[0]  is 

(A)  -1.5  (B)  2 

(C)  1.5  (D)  0 


fSTfll  The  z-transform  of  a  anti  causal  system  is 


X(z)  = 


12  -21z 
3  -  7z  +  12z2 


The  value  of  x[0]  is 


(A,-1 

(B)  0 

(C)  4 

(D)  Does  not  exist 

fSTl  The  impulse  response  of  the  system  shown  in  fig. 
P5.4.62  is 


Fig.  P5.4.62 


f--z]  1 

(A) 2l2  j(l  +  (-l)")u[n]  +  -S[n] 

2 

(B)  -  (l  +  (-l)"Mn]+1W 
2  2 

f—  -2I  1 

(C) 2{2  J(l  +  (-ir)w[n]-i6[n] 

2 

(D)  [1  +  (— l)ra  ]  u  [n\  -  ^  8  [re] 


The  system  diagram  for  the  transfer  function 
H(z)  =  —r — — - - 


is  shown  in  fig.  P5.4.63.  This  system  diagram  is  a 


(A)  Correct  solution 

(B)  Not  correct  solution 

(C)  Correct  and  unique  solution 

(D)  Correct  but  not  unique  solution 


fill  Given  the  z-transforms 


X(z)  = 


z(8z  -7) 
4z2  -7 z  +  3 


The  limit  of  x[oo]  is 
(A)  1  (B)  2 

(C)  00  (D)  0 
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24.  (A)  X(z)  = 


z2  -3z  1  -  3z_1 


2  .  3  1  1  3  !  2 


0  H - 0 

2 


1  H - Z  -Z 

2 


— — r - J - ,  ROC  <\z\<2 

1  +  2  z-1  l-i  2 

1  — z 
2 


n  even  and  n>  0 

U  J 

0 

n  odd 

[2-", 

n  even  and  n>  0 

l  o. 

n  odd 

x[n\  =  -2(2)"  u\_-n  -  1] - u[n ] 

2" 


25.  (A)  x[n]  is  right  sided 

_1  _!  49  47 

X(z)  = - =  32  ,  +  32  T 

1  -  16z  1  +  4  z"1  1  -  4z 


x[n\  = 


49  47 

—  (-4)"  +  — 4" 
32  32 


u[n ] 


26.  (C)  x[_n\  is  right  sided 
1  -1 


1  +  z'1  1-z-1 

=>  xVn]  =  2S[n.  +  2]  +  ((-1)"  -  l)u[n  +  2] 

27.  (A)  S[n]  +  28 [n  -  6]  +  48 [n  -  8] 

10  1 

28.  (B)  x[n]  is  right  sided,  x[n]  =  ^  —  S[rc-&] 

k=5  k 

29.  (D)  x[n]  is  right  sided  signal 
X(z)=l+3z_1  +3z~2  +z~3 

=>  x\_n\  =  S[re]  +  3S[n  - 1]  +  3S[re  -2]  +  S[n  -  3] 


33.  (C)  X(z)  =  -4z2£(2z)2*  =  _£22(*+1)z2(*+1) 
&=0  £=0 

=>  x[n\  =  -  £22(*+1)S[re  +  2{k  +  1)] 


34.  (A)  In  (1  +  a)  =  £  (a)* 

k=i  k 

x(Z)=Yy±—  {z-')k 

k=i  k 

oo 

=>  x[n]  =  £ — - — 8[n-l] 

k=l  K 


0° 

35.  (B)  cos  a  =  Y  ^-a2* 

h(2k)\ 

2k 


X{z)  =  jP^{z-3k) 
h(2k)l 


=>  x  [n\  =  Y(  ^  8[n-6£] 

n  =  12  =>  12-6/e=0,  k=2, 

(-1)2  1 


412]  =  - 


4!  24 


30.  (A) 

x[n\  =  S[n  +  6]  +  5 [n  +  2]  +  3S[n]  +  2S[n  -  3]  +  8 [n  -  4] 


36.  (D)  All  gives  the  same  z  transform  with  different 
ROC.  So  all  are  the  solution. 


31.  (B)  X(z)  =  l  +  z 


„2  ,3 

Z  Z 

27  +  3! 


i  1  1 

+1  +  — 


z  2  !z2  3!z3 

r  ,-r  sr  in  S[n  +  2]  S[n  +  3] 

x\_n\  =  S[n]  +  Olu  +  1]  h - 1 . . 

2!  3! 

sr  ,  8n  -2]  S[n  -  3] 

+  din  —  1]  h - 1 - . 

2!  3! 


x  [ n]  =  5  [n]  H - 

n\ 


„  -2  /  -2 


32.  (A)  X(z,  =  1  +  —  +  [  —  I  -g  J2- 


*[«]  =  £-  S[n  -2£] 

*=oV  4  . 


37.  (C)  Xj[n]  is  right-sided  signal 
Zj  >  2  ,  z1  >  ^  gives  z1>  2 

x2[n ]  is  left-sided  signal 
z2  <2,  z2  <-  gives  z2  <- 

x3[re]  is  double  sided  signal 

z3  >  —  and  z3  <  2  gives  —  <  z3  <  2 
2  2 


38.  (B)  X(z)  = 


-1 


1--Z'1  1  +  -Z-1 

2  z 


Izl  >  —  (Right-sided) 
2 


Izl  <  —  (Left-sided) 
3 


x\_n\  =  —  u[n\  -  —  u\_ri\ 
2n  3 


-1 


x\_n\  = 


-2  r-i 
2"  l  3 


m[-m  - 1] 
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—  <  Izl  <—  (Two-sided)  x[n\  =  ~  —  u[-n  - 1]  -f  —  I  u[n ] 
32  2"  l  3  ' 

So  (b)  is  wrong. 


39.  (A)  Since  the  ROC  includes  the  z  =  — ,  ROC  is 

4 


H(z)  = 


-2 

3 


5 

3 


Y(z)  _ _ 

Vi*-  ' 


/il  n  |  = 


u[ri\ 


—  < \z\ <  1, 

2 

X(z)= — - 


B 


1--Z-1 

2 


1  +  z 


x[n ]  =  —  u[n]  ■  B  (-1)"  u[-n  -  1J 
2n 


1=—  =>  A  =2  , 

2 

x[-l]  =  1  =  (-l)R(-l) 


B  =1 


x[n ]  = - -  w[re]  -  (-1)"  w[-rc  -  1] 

2"_1 


46.  (D)  X(z)  = 
Y(z)  = 


1  +  3Z"1 

4  1 


1  -2z_1 


1  —  z 


H(z)  = 


Y(z) 


10 


(1  -2z" 


-7 


A(z)  l-2z 


1--Z-1 

2 


Mral  = 


10(2)" -7|  ± 


u(n) 


40.  (B)  x[n]  =  Cp"u[n\  ,  x[0]=2=C 

x[2}  =  ^=2p2  =>  P=\’ 


x[n\=  2  —  w(n) 

,2 


47.  (D)  H(z)  = 


1--Z-1 


,  Y{z)=2z 


X(z)=^Z^=2z-i  —  z~5 
H(z) 

=>  x[n\  =2[8  -  4]  -  5[n  -  5] 


41.  (B)  H(z)  = 


1-2  z" 


l-i — z 

2 


h[n\  is  stable,  so  ROC  includes  I zl  =  1 


ROC  :  -  <  Izl  <2  , 
2 


h[n]  =(2)"  u[-n  -  1]  +  |  —  |  m  [n] 


-1 


48.  (A)  Y(z) 


1-- 


=  2z~1X(z) 


H(z)  = 


Y(z)  _  2z_1 

X(z)“i_z^ 


/i[n]  =2|  —  I  u[n  -  1] 


42.  (A)  X+(z)  =  £x[n]z“"  =6[n-2]z-"  =z" 

n  =0 

43.  (D)  X+(z)  =  £x[rc]z-"  =  £z“"  =  — ^ 

n=0  n=0  1 

44.  (B)  if(z)  =-  3  2 


-z 


1-3Z'1  1  +  2z_1 

/i[re]  is  causal  so  ROC  is  Izl  >3, 
=>  h[n]  =  [3"+1  +  2  (-2)"  Mn] 


7“2  3?_: 

45.  (A)  X(z)  =  1  +  - — ,  Y(z)  =  1  -  — — - 

4  8  4 


49.  (C)  ff(z)  =  i^=(l-z"2  +z“4 
X(z) 

=>  /i[re]  =  S[n]  -  6[n -2]  +  8[n  -  4] - 


60.  (A)  A[n]  =  |f-||  u[n-l] 


3.-i 


H(z)  = 


Y(z)  _  4  ' 


X(z) 


Y(z)  -  — z_1Y(z)  =  — z-1A(z) 

4  4 

=>  ^[ti]  -  —  y\n  - 1]  =  —  x[n  - 1] 

4  “  4 


3 


-z-6) 

S[n  -  6] 
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51.  (A)  H(z)=^-  =  l-z-s 
X(z) 

=>  y[n\  =  x\_nl- x[n  -  5] 


So  y1  and  y2  are  equivalent. 

59.  (B)  Causal  signal  x[0]  =limX(z)  =2 


52.  (D)  Zero  at  :  z  =0,  — ,  poles  at  z  _  +  ^ 

3  2 

(i)  Not  all  poles  are  inside  lzl  =  l,  the  system  is  not 
causal  and  stable. 

(ii)  Not  are  poles  and  zero  are  inside  lzl  =  l,  the  system 
is  not  minimum  phase. 


53.  (A)  X(z)  = 


27 

8 


i-h-  i-32" 

3 


Since  X{z)  converges  on  lzl  =  l.  So  ROC  must  include 
this  circle. 

ROC  :  —  <  Izl  <  3, 

3 

1  3" + ^ 

x\_n\  = - , —  u\_n\  -  - u[-n  - 1] 

3"^  8  8 


54.  (C)  h\_n]  =  16re|^  —  J  u\n\  So  system  is  both  stable  and 
causal.  ROC  includes  z  =  1. 


55.  (C)  Pole  of  system  at  :  z  =  -  ^ 


60.  (C)  Anti  causal  signal,  x[0]  =lim X(z)  =  4 


61.  (A)  The  function  has  poles  at  z  =  1,  — .  Thus  final 

4 


value  theorem  applies. 


z(2z - ) 


lim  x(n)  =lim(z  - 1  )X(z)  =(z  -1)- 

n  — ko  2— >1 


(z  -  1)  z  - 


=  1 


62.  (C)  [2  Y(z)  +  X(z)]z  =Y{z) 

-2 


H(z)  = 


1-2  z“ 


h[n]  =  - 


1^  1 

X+ _ I _ + _ 4 

2  1  -  Jiz-1  1  +  V2z 


=  --8[rc]  +  -{(V2r  +(-V2)nlu[n] 
2  4 


63.  (D)  Y(z)  =X(z)z1  -iY(z)z~1  +  Yfzlz"2} 

Y(z)  z'1  z 

X(z)  ~  1  +  z'1  +  z'2  "  z2  +  z  +  1 

So  this  is  a  solution  but  not  unique.  Many  other  correct 
diagrams  can  be  drawn. 


Pole  of  inverse  system  at  :  z  =  - 


For  this  system  and  inverse  system  all  poles  are  inside 
Izl  =  1.  So  both  system  are  both  causal  and  stable. 


56.  (A)  H(z)  = 


10 


1  +  -Z"1  l  +  -z_1 


1  -2z‘ 


i  +  ^Yi  +  Az-i 


Pole  of  this  system  are  inside  I  z  I  =  1.  So  the  system  is 
stable  and  causal. 

For  the  inverse  system  not  all  pole  are  inside  Izl  =  1.  So 
inverse  system  is  not  stable  and  causal. 

57.  (C)  I  a2 1  =  0.12  <  1,  a,  =  l-cl  <  1  +  0.12,  I  cl  <  1.12 


58.  (A)  yi(z)  =  l-0.1z1  ,  Y2(z)  =  1  -O.lz-1 
0.4  -0.3z 1 


YJz)=- 


1-0.5  z-1 
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Statement  for  Q.l-9: 

Determine  the  discrete-time  Fourier  Transform  for 
the  given  signal  and  choose  correct  option. 


3  x[n ] 


1,  Ire  I  <2 
0,  otherwise 


(A) 


sin  5Q 
sin  Q 


(B) 


sin  4Q 
sin  Q 


sin  2 .50 

lO  - 

sm  Q 


(D)  None  of  the  above 


3  x[re]=f^l  re[-re-l] 


(A) 


(C) 


ja 


2  -  e~ja 
ejQ 

2  -ejn 


3  x[re]  =25[4  -2?z] 
(A)  2e“j2n 
(C)  1 


(B) 


2eja 
2  -  eja 


(D) 


2ejn 
2  -ejn 


(B)  2ej2° 

(D)  None  of  the  above 


3  x[re]  = 


w[re  -  4J 


(A) 

(C) 


1  +  |  ejn 


(B) 


(l^)4 


(D)  None  of  the  above 


3  x[n ]  =  re[re  -2]  -  u[n  -  6] 
(A)  e3jn  +  e3jQ  +  e4jn  +  e5jn 

(C)  e~2ja  +  e~3ja  +  e~ijn  +  e~5jn 


(B) 


e-2jn(l-e3jfl) 

l-ejQ 


(D) 


e~2jn(l  -  e~3jn) 
l-e~ia 


3  x[re]  =  alnl  ,  lal  <  1 


(A) 

(C) 


1  -  a2 

1  -2a  sin  Q  +  a2 
1  -  a2 

1-2 jasin  Q  +  a2 


(B) 


1  -  a 


1  -2acos  Q  +  a2 
(D)  None  of  the  above 


3  x[n\  =  uYri\ 

(A)  JtS(Q) - ^ 

1  +  e 


(B) 


1 

1^ 


(C)  nm)  +  — ^ 
1  -e  1 


(D) 


1 

177^ 


3  x[n]=  [-2,  -1,  0,  1,  2} 

t 

(A)  2j{2  sin  20  +  sin  O)  (B)  2(2  cos  20  -  cos  O) 

(C)  -2  j( 2  sin  20  +  sin  O)  (D)  -2(2  cos  20  -  cos  O) 


(A)  it(6[Q  -  ti/2]  -  5[0  +  ti/2]) 

(B)  7s[0  +  ti/2]  -  S[Q  -  ti/2]) 
2 

(C)  2n(S[0  -  ti/2]  -  S[0  +  ti/2]) 

(D)  j7i(8[Q  +  ti/2]  -  5[0  -  7i/2]) 


www.gatehelp.com 

Page 

300 


The  Discrete-Time  Fourier  Transform 


GATE  EC  BY  RK  Kanodia 


Chap  5.6 


Statement  for  Q.  10-21: 

Determine  the  signal  having  the  Fourier 
transform  given  in  question. 

ld<1 

(A)  (n  -  V)anu\_n\  (B)  {n  +  l)a"  u\_n\ 

(C)  nanu[n ]  (D)  None  of  the  above 


EQ  X(eja)  =  8cos2  oa 

(A)  (S[n  +  2]  +  2S[n]+  5[n-2]) 

(B)  2 (5[ti  +  2]  +  25 [n]  +  5[tz  -2]) 

(C)  -4(6[n  +  2]  +  S[n]  +  5 [n  -2]) 

(D)  T. (5[rr  +  2]  +  5[n]  +  5 \_n  -2]) 


^3  X(e'n)  =  j 4  sin  4Q  - 1 

(A)  4n5[n  +  4J  -  4n5[n  -  4]  -  2nd [n\ 

(B)  25[n  +  4]-2S[/i-4]-5[n] 

(C)  5 [n  +  4J  -  5 [n  -  4 j  -  5[ti] 

(D)  None  of  the  above 


E0  X(ejn) 


-e  +  e  jn  +  6 


(A)  ~A 
2 


i  +  !  — 


>  +  lh 


u[n ] 


(B)  2~n 


c 

4  n  \  B  +  1  ~\ 

-2  i 

1  - 

V 

V  3  J 

y  2  J 

u[n ] 


o -n  f 

(C)  V- 
5 


(-1)"  +  3 


+i  A 


«[n] 


EH  X(ejQ)  ■ 


2  j ,  0  <  Q  <  n 

-2  j,  -  7i  <  Q  <  0 


/  a  \  ut  *yi  7172 

(A) - sin2  |  — 

nn 

(C)  —sin2 
nn 


(B)  -—sin  — — 


nn 


nn 

(D)  -  —  sin2 
nn 


(A) - 
n 

(B)  — 
nn 

(O- 

n 

(D)  - 
nn 


1, 

—  <IQI  < 

(e,n) 

=  • 

4 

o, 

0  <IQI< 

f  •  f 

37171  / 

.  (  nn  'l 

sin 

— 

-sin  — 

l  l 

4  J 

l  4  J 

3n 

T 

n  3  7i 
4’  ~4~ 


(sin 

-  sin  | 

:”)) 

cos  ^ 

37171  /  f 

4  J  l 

7172  M 

~^JJ 

j^cos 

^  3nn ' 

J  +  COS 

(”)) 

eJ°)  = 

■  e  2 

for 

—71  < 

(A)  7i5[n  - 1/2] 
(-ir+1 


(C) 


X(eja)  =cos  2Q  +  j  sin  2Q 


(B)  27t5[n  - 1/2] 

(D)  None  of  the  above 


(D)  None  of  the  above 
2 


EH  X{eia) : 


l  p-j& 
4  C 


_  I  e~J2n  +  1  e-J° 

8  C  T  4  C 


(A)  2~"+1[l  +  (— 2)_ra  Mn] 

(B)  2-[l  +  (-2)-Mn] 

(C)  2-"+1[(-ir  +2-"H«] 

(D)  2“n[(-ir  +2“"Mn] 


EH  Ale212) : 


2e 


1  - :  e"2n 


(A)  2"-1[l  +  (-irM7i] 

(B)  21-n[l  +  (-l)"Mn] 

(C)  21_”[l-(-l)"M«] 

(D)  2"-1[l-(-l)"Mn] 


fll  X(ejn) 





1  - 1  e-Jn 

1  3  K 


1  _  i  _  1  p-2jCl 
4  C  8  C 


(A) 


v 


2[1 

9  l  2 


(B) 


(C) 


f 2 

V 

f1!"] 

l  2J 

9 

UJ  J 

2 

r  n 

"  7 

lX) 

9 

V 

1 2J 

9 

v4j , 

(A)  27i5 [n  +  2] 

(B)  5[ti  +  2] 

(D) 

ViY  7f  iyN 

(C)  0 

(D)  None  of  the  above 

/9  I2  J  9l  4j  y 

w[tz] 


u[re] 


u[n ] 


u[n] 
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x[n]  =  |-|l  u[»]  +  fi  |  u[n]=2-"[(-l)" +2-"Mn] 


19.  (C)  X(eJli) 


-  _ 


2e~/n  2 _ 2_ 

1  —  1  e~Jsa  1  -  1  e'*1  1  +  1  e-ja 

4  2  2 


x[n]=2|  ij  u[n]~ 2^— —  |  u[n ] 


[1 -(-!)"  Mn]=21-"[1 -(-!)•  ]u[n] 


20.  (A)  X{eja)  = 


.  1  -Ja 

1  — e 

3 


2 

9 

1- 

7 

i  9 

1  1  - /T2 

1  — e 

+  ,  1 

1  +  — 

2 

4 

2(1 

Y 

x [n ]  =  -  - 

u[n]  + 

9 1  2 

J 

1  „-jCl  1 


Tf-i 

9  (  4 


n[n] 


21.  (C)  X(ejn )  = 


(b-a)ejn 

eJio  -  (a  +  6)e/n  +  ah 


(6-a)e“ja  _  1  -1 

1  -  (a  +  6)e  ~jn  +  abeJ2C1  1  -  be~jn  +  1  -  ae~jCi 

x[_n\  =  bnu[n]  +  anu[-n  - 1]  . 


27.  (D)  X(ej0)  =  ^  x\ n] ,  This  condition  is  satisfied  only 

n  =-oo 

if  the  samples  of  the  signal  add  up  to  zero.  This  is  true 
for  signal  (b)  and  (h). 

28.  (A)  X(ej0)  =  J  x\n\  =  6 


29.  (A)  y[n\  =  x\_n  +  2]  is  an  even  signal.  Therefore 
Y(e'n)  is  real  and  even. 

Y(ejn)  =  ej2nX(ejn)  =>  X(e jQ)  =  e~j2nY(ejn), 

Since  Y(ejn)  is  real.  This  imply  argl  Y(ej!!))  =0 
Thus  arg{A(e,a)l  =  -2Q 

30.  (C)  J  X(eja)  dO  =2tcc[0]  =  4jc 

—  71 

31.  (A)  X(eJl)=  J(-D"x[n]=2 

n  =-oo 

32.  (C)  Evtetn)  <-°"T  >  EelX(eJn)l 

e,i  .w-h'Atrw) 

2 

=  |-~  ,  0,  |  ,  1,  0,  0,  1,  2,  1,  0,  0,  1,  0,  -|J 

t 


22.  (D)  The  signal  must  be  read  and  odd.  Only  signal {h)  33.  (D)  j|X(e-'n)|  =2ti  ^|x[n]|2  =  28tx 

-7t  n  =-°° 

is  real  and  odd. 


23.  (A)  The  signal  must  be  real  and  even.  Only  signal  (c) 
and  (e)  are  real  and  even. 

24.  (A)  Y(ejn)  =  ejaS1X(e  J%  y[n ]  =  x[n  +  a] 

If  Y(ejn)  is  real,  then  y\ n]  is  real  and  even  (if  x\n  \  is 
real.).  Therefore  x  [n  +  a]  is  even  and  x  [ n ]  has  to  be 
symmetric  about  a. This  is  true  for  signal  (a),  (c),  (e),  (f) 
and  (g). 


34.  (C)  nx[n\ 


.  d  X(ejn ) 
J  dO 


?  dX(eja) 
dO 


=  2 n  ^  Ini2  |x[n]|2  =  316ti 

n  =-oo 


35.  (A)  Y(ejn)=e~j4nX(ejn) 
y\n\  =  x[n  -  4]  ={n  -  4)  ( — 1 


71 

25.  (D)  |  X(ejCi)  dO  =  2tix[0]  , 

—  71 

x[0]=0  is  for  signal  (c),  (f),  (g)  and  (h). 

26.  (D)  X(ejn)  is  always  periodic  with  period  2n. 
Therefore  all  signals  satisfy  the  condition. 


36.  (C)  Since  x[n]  is  real  and  odd,  X(ejQ)  is  purely 
imaginary.  Thus  y[n\  =  0. 


37.  (D)  XJejQ)  =  X(ej2Q) 


X(ej2Ll)  <- 


y[n]  = 


~jn  u 
0, 


->  x2[n]  = 


,  n  even 
otherwise 


x[n] ,  n  even 
0,  otherwise 
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38.  (B)  Y(ejS1)  =X{eja)*  X(eJ(£1^2)) 
y[n\  =2mc\_n\xl\n\  x1\n\  =  ejm^x[n\  , 

=*  yO]=2™vW3f' 


39.  (C)  Y(ein)=  —  X(eJn) 
dO 


=>  yO]  =  -  jnx[n\  =  -jn2 \ 


40.  (B)  Y(ejQ)  =  X{eja)  +  X(e~jci) 
=>  yin]  =  x[n\  +  x\-n\  =  0 


41.  (C)  For  a  real  signal  x[n ] 
od{*OJ  <  DTFT  >  j'Im(Z(eJ'n)) 
jIm\X(eJ'l)\=  j sin O  -  j sin 20, 

=  l(ejn-e-ia-e2Jn  +  e-2jn) 

Therefore  od{xO]}  =  F_1{jIm{X(e',n)}| 

=  ^-(50  +  1]  -  5[rc  - 1]  -  5 O  +  2]  +  50  -2]) 

x[n\-x[-n\ 

OdlxOJl  = - 


Since  xO]  =0  for  n  >  0, 

xO]  =  2od{xO]  1  =  50  +  1]  -  50  +  2]  For  n  <0 

Using  Parseval’s  relation 

Z  j|Wn)|2do  =  $>ol|2 

_oo  n=-  oo 

3=  X|xO]|2=(*[0])2+2 

n  =-oo 


x[0]  =  +l,  But  x[0]=0,  Flence  x[0]  =  l 
xO]  =  50]  +  5 O  +  1]  -  50  +  2] 


42.  (C) 


n^j  win]  + 


=  YJx[n\  =  X{eio) 

n  =0  V  ^  y  n  =-oo 


4 

9 


43.  (A)  For  all  pass  system  jff(e7f!)|  =1  for  all  O 

H(ejci)  =  b  +  e  Z  ,  I b  +  e-jQ|  =  |l  -  a  e~in\ 

1  -ae  1  1  11  1 

1  +  b2  +  26cos  0=1  + a2  -  2a  cos  O 


This  is  possible  only  if  b  =  -a. 


44.  (A)  For  xO]  =  50],  X(ejn)  =  1,  dXieJ")  =o 

do 

AO]  =  1  [  Fie-'")  ej£2ndO  =  —  f  e^'n  ejnndO 

2 71  ^  <^'Tr 


2tt 


_  J_  _  sin  ijn  - 1) 

tiO  - 1) 


2ji  j 


45.  (B)  H(ejCi)  =  H,(e]n)  +  ld2(ey'n) 

-12  +  5e~jci  1  -2 


12-7C-  +  U-  i-±  e~*  1  -  —  e~jn 

3  4 


HJeJO)  = 


/  1 

1  -  1  e-jn 

3 


hJn]  =  —  u[n] 


Y(pjQ' l 

46.  (D)  H(ejCi)=^%l, 
X(eja) 


—  aO]  <- 


l-2e-^n 

3 


(1]  “w 

,  DTFT  ,  .•  d 

( 

5 

1 

do 

1 

2  -yQ 

—  e 

V 

3  ) 

i  2  _  jn 

1  —  e 

3 


2  _ 


,/n 


ff(0 


Ah  _  3 


2  e~ja 

t  2  .jn  3-2  e 

1 - e 

3 


-j n 


47.  (B)  id(eJil)  = 


jn,_Y(eJii)_  3‘ 


*(e2'n)  j  _  2  e_jo 


=>  1  -  -  e~ja  Y(ej°)  =  -  e-JnX(ejn) 


y[n]  -  —  y[n  - 1]  =  —  xO  -  1] 

3  3 


3yO]  -2 y[n  -  1]  =2x0  - 1] 
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Statement  for  Q.l-5: 

Determine  the  Fourier  series  coefficient  for  given 
periodic  signal  x(t). 

B  x(t)  as  shown  in  fig.  P5.7.1 

x(t) 

10 


-10  -505 

Fig.  P5.7.1 


10 


(A)  1 


(C)  sin| 


(B)  cos]  —  k 


(D)  2 


3  x(t )  as  shown  in  fig.  P5.7.2 


x(t) 

A 


0  T  t 
4  2 

Fig.  P5.7.2 


jnk 

(C)  —sin  |  —k 
nk 


U  x(t)  as  shown  in  fig.  P5.7.3 


x(t) 

A  — 


^  0 


A!  27t 
3 

Fig.  P5.7.3 


471 


(A)  A 

2nk 


(C)  -jA- 
2nt 


f  .(  4nk\ 

eJ W 

> 

_  1 

(B)  i  — 

(  .(  47 xk\ 

e-JhrJ 

'N 

_  1 

V 

V 

2nk 

/ 

(  .(  4  ixk\ 

/TO 

> 

_  1 

(D)  A 

(  .(4iik\ 

/TO 

\ 

_  \ 

V 

V 

}  2ti/z 

/ 

0  x(t)  as  shown  in  fig.  P5.7.4 

x(t) 


-A 


Fig.  P5.7.4 


(A)  A(i 
kn 

(B) 

(C)  -A(l-(-l)*) 

(D) 

jkn 

3  x(t)  =sin2  t 

kn 

A 

jkn 


(4*1 

(B) 

A 

- cos 

[4*1 

(A) 

U  J 

jnk 

U  J 

-k) 

(D) 

A  ( 

—  cos 

-k) 

(B) 

.2  J 

nk  V 

2  J 

1 

4 

1 

4  ' 


h 

2 

1 

r  — 
2 


is 

4 

1 

-  —  l 

4 


(C)  -  —  5[&  -  1]  +  S[&]  -  —  5[k  +  1] 

2  2 

(D)  ~-S[k-2]+S[k]--S[k  +  2] 

2  2 
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Statement  for  Q.6-11: 

In  the  question,  the  FS  coefficient  of  time-domain 
signal  have  been  given.  Determine  the  corresponding 
time  domain  signal  and  choose  correct  option. 


0  X[k]  =  Mk-i]-Mk  +  i]- 
(A)  2(cos  37t£  -  sin  nt ) 

(C)  2(cos  6 nt  -sin27i£) 

/_■,  n'*' 

3  x[k\=\  j  ,  ra0  =i 

(A) 


(C) 


3 

3  sin  t 

_5 _ 

4  +  3cos  t 


S[/e  +  3]  +  5[&  -  3],  co0  =27t 
(B)  -2(cos  37tf  -  sin  nt) 
(D)  -2(cos  6  Tit  -sin2jtD 


(B) 


J5 _ 

3  sin  t 


(D) 


5  +  3cos  t 


(A) 

(C) 


sin  9  7i  t 
sin  7t t 
sin  18  nt 
2  sin  nt 


(B) 


sin97i;t 
7i  sin  nt 


(D)  None  of  the  above 


0  X[_k\  As  depicted  in  fig.  P5.7.11,  co0  =7t 


xm 


Fig.  P5.7.11 


(A)  3  cos  3ti£  +  2  cos  27t£  +  cos  nt 


3  X[k ]  as  shown  in  fig.  P5.7.9  ,  <0o  =  7t 

|iX[A])| 


ZIXM1 


• — • 


• — •  <  > — • — • 


• — m-k 


Fig.  P5.7.9 


(A)  6  cos 

-  3cos 

i 

so 

£ 

CO 

(B)  4  cos 

£  |  ^ 

1 

SO 

£ 

-2  cos  | 

3ti£  +  j 

(C)  2  cos  J 

2ti£  +  ^  j 

-  2  cos  | 

3nt 

(D)  4  cos 

^  4tt  t  + 

J  +  2  cos 

(B)  3 sin  3ti£  +  2  sin  27t£  +  sin  nt 

(C)  6  sin  3ti£  +  4  sin  2ti£  +  2  sin  nt 

(D)  6cos  37i£  +  4cos  2nt  +  2cos  tx£ 


Statement  for  Q.12-16: 

Consider  a  continuous  time  periodic  signal  x(t) 
with  fundamental  period  T  and  Fourier  series 
coefficients  X\k\  Determine  the  Fourier  series 
coefficient  of  the  signal  y{t)  given  in  question  and 
choose  correct  option. 

[0  y(t )  =  x{t  -ta)  +  x(t-  tj 

(A)  2cos^Af0JX[*]  (B)  2sin^*f0jX[*] 

(C)  e  -‘“Xm  +  e  l°X\-k\  (D)  e  X[-k ]  +  e  l°X\k\ 


fTil  X[k ]  As  shown  in  fig.  P5.7.10  ,  cn0  =  2n 

|{X[«H 


-6  -5  -4  -3  -2  -1  0 


2  3 


FBI  y(t)  =Ev{x(£)) 
(A)  X\k]+X[-k] 


(C) 


X[k]  +  X\-k] 


m  y(t)  =Re(x(£)l 
(A)  X\k]+X\-k] 


(C) 


X[k]  +  X\-k\ 


(B) 

(D) 


X[k\-X\-k] 

2 

X\k]  +  X\-k] 
2 


(B) 

(D) 


X[k\-X[-k] 

2 

X[k]  +  X\-k] 
2 


Fig.  P5.7.10 
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M  y(t)  = 

(A)  (¥) 

(C )/ 

^3  y(t)  =  x( 4 1  -  1) 

(A) 


d2x(t) 

dt 2 

|  X[k\ 

(B)  -(^J 

’V 

-  X\k] 

®)  -0 

X[k] 


X[k\ 


—  X[k] 

K  1  | 

^  1 

£ 

T 

T 

jk[ 

e  {T]X[k ] 

(D)  e  [ 

x\k\ 

x\k] 


m  Consider  a  continuous-time  signal 

x(t)  =  4  cos  1007it  sin  10007d 

with  fundamental  period  T  =  —  .  The  nonzero  FS 

50 

coefficient  for  this  function  are 

(A)  X[-4],  X[4],  X[-7],  X[7] 

(B)  Xl-ll  X[l],  At-10],  X[10] 

(C)  X[-3\  X[3l  Xl-4],  X[4] 

(D)  X[-9\  X[9\  X[-lll  X[ll] 


A  real  valued  continuous-time  signal  x(  t)  has  a 
fundamental  period  T  =  8.  The  nonzero  Fourier  series 
coefficients  for  x{t )  are 

X[l]  =  X[-l]  =  4,  X[3]  =  A*[-3]  =  4 j 

The  signal  x(t)  would  be 

(A)  4  cos  f  t  j  +  4j  sin  f  ~  ^ 


(B)  4  cos  [  j  -  4  jcos 


(C)  8  cos  [  ^  t  j  +  8  cos  f  ^  t  +  ^ 


(D)  None  of  the  above 

S3  The  continuous-time  periodic  signal  is  given  as 


x(t)  =  4+  cos  |  ^  1 1  +  6  sin  1 


The  nonzero  Fourier  coefficients  are 

(A)  X[0],  X[-l],  Xll],  X[-5],  X[5] 

(B)  XIO],  X[-2],  X[2],  X[-5],  X[5] 

(C)  XIO],  X[-4],  X[4],  A[-10],  X[10] 

(D)  None  of  the  above 


Statement  for  Q.20-21: 

Let  v,  ( t)  and  xjt)  be  continuous  time  periodic 
signal  with  fundamental  frequency  co,  and  co2  ,  Fourier 
series  coefficients  X}\k]  and  X, [ k ]  respectively.  Given 
that  x2(t)  =  - 1)  +  jqd  - 1) 

m  The  relation  between  c%  and  a>2  is 


(A)  co2  = 


(C)  co2  =  (% 


(B)  cq2  =  cof 
(D)  co2  = 


The  Fourier  coefficient  XJk]  will  be 

(A)  {X^k]  -  jXJi-k\)e-i"i 

(B)  (X,\-k]-jX,\k])e-ja"k 

(C)  {X1[k]  +  jX^-We-^ 

(D)  None  of  the  above 

Statement  for  Q.22-23: 

Consider  three  continuous-time  periodic  signals 
whose  Fourier  series  representation  are  as  follows. 


h  ,,2n 

-  lk - 1 

50 


ioo  f  i  y 
=  ]  e 


2{t)  =  ^  cos  kn  e 


2n 
-  jk — t 
50 


£=-100 
100 

i  sinl  —  |  e 
£=-ioo  \  2 


x3(t)  =  22  .7  sir  I  — —  ’  50 


The  even  signals  are 
(A)  x2{t)  only 
(C)  Xj(t)  and  x3(t) 


(B)  x2{t)  and  x3(t) 
(D)  x1(t)  only 


The  real  valued  signals  are 
(A)  and  x2(t)  (B)  x2{t)  and  x3{t) 

(C)  x3(t)  and  x^t)  (D)  x1(t)  and  x3(t) 

m  Suppose  the  periodic  signal  x{t)  has  fundamental 
period  T  and  Fourier  coefficients  X\k\  Let  Y\ k]  be  the 
Fourier  coefficient  of  y{t)  where  y(t)  =  dx(t)  /  dt  .  The 
Fourier  coefficient  X[k]  will  be 

TY[k ] 


(A,™  *.0 

j  2nk 

,n,  TY[k ]  . 

(C)  — - —  ,k*0 
jk 


(B) 

(D) 


j2nk 

TY[k] 

jk 
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Efil  Suppose  we  have  given  the  following  information 
about  a  signal  x(t)  : 

1.  x(t)  is  real  and  odd. 

2.  x(t)  is  periodic  with  T  =2 

3.  Fourier  coefficients  X[£]=0  for  \k\>l 


The  signal  will  be 


1  2 

4.  —  J|  xit^dt  =  1 


The  signal,  that  satisfy  these  condition,  is 

(A)  v2  sin  Tit  and  unique 

(B)  a/2  sin  7t t  but  not  unique 

(C)  2  sin  7i t  and  unique 

(D)  2  sin  Tit  but  not  unique 


(n  ' 

J  -  2  sin  j 

r  n  ^ 

U‘, 

-A) 

+  4  sin 

f  n  } 

U'J 

U'J 

+  2  sin  | 

r  n  } 

U' 

j'j 

(D)  None  of  the  above 

Statement  for  Q.29-31: 

Consider  the  following  three  continuous-time 
signals  with  a  fundamental  period  of  T  =  1 

x(. t)  —  cos 2 Tit  ,  y(t)  =sin27it  ,  z(t)  =  x{t)y(t) 


23  Consider  a  continuous-time  LTI  system  whose 
frequency  response  is 


ff(»  =  j  h(  t)e~jlMdt  = 


sin  4co 


The  input  to  this  system  is  a  periodic  signal 

I"  2,  0  <  t  <  4 
-2,  4  <  t  <  8 


x(t)  = 


with  period  T  =  8.  The  output  y(t)  will  be 


(A)  1  +  sin 


2  I  71 1 

4 


f  Kt)  i 

'  71 1'] 

—  +  cos 

UJ  ' 

v  4  J 

(B)  1  +  cos 

(D)  0 


2  I  7T  t 
4 


Consider  a  continuous-time  ideal  low  pass  filter 
having  the  frequency  response 

1,  I  col  <  80 


H(jco)  = 


0,  I  col  >80 


When  the  input  to  this  filter  is  a  signal  x(t)  with 
fundamental  frequency  coD  =12  and  Fourier  series 
coefficients  X\k\  it  is  found  that  x(t)  < — - — >  y(t)  =  x(t). 
The  largest  value  of  \k\,  for  which  X\k\  is  nonzero,  is 
(A)  6  (B)  80 

(C)  7  (D)  12 

^3  A  continuous-time  periodic  signal  has  a 
fundamental  period  T  =  8.  The  nonzero  Fourier  series 
coefficients  are  as, 

Z[l]  =  X*  [-1]  =j,X\ 5]  =  X[-5]  =  2, 


23  The  Fourier  series  coefficient  X\  k]  of  x(t)  are 

(A)  f(S[£  +  l]  +S1&-1]) 

(B)  |(S[/e  +  l]-6[^-l]) 

(C)  f(S[/e-l]-5[£  +  l]) 

(D)  None  of  the  above 


23  The  Fourier  series  coefficient  of  y(t),  Y\k\  will  be 

(A)  {(§[£  + l]+5lk  +  l]) 

(B)  {(Sl/e  +  U-  g[A -1]) 

(C)  |(S[£-1]-S[&  +  1]) 

(D)  + 1]  +  aik  +  id 


sTl  The  Fourier  series  coefficient  of  z(t) ,  Z\k\  will  be 

(A)  -2]  -  <Hk  +  2]) 

(B)  i(8[A-2]-8[*  +  2]) 

(C)  §[£  +  2]  -  5[&  -2]) 

(D)  None  of  the  above 


shI  Consider  a  periodic  signal  x(  t)  whose  Fourier  series 
coefficients  are 


X[k]  =  \ 


k=Q 

otherwise 


Consider  the  statements 

1.  x{t)  is  real.  2.  x{t)  is  even  3.  ^  is  even 


dt 


The  true  statements  are 
(A)  1  and  2  (B)  only  2 

(D)  1  and  3 


(C)  only  1 
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Statement  for  Q.33-36: 

A  waveform  for  one  peroid  is  depicted  in  figure  in 
question.  Determine  the  trigonometric  Fourier  series 
and  choose  correct  option. 


Fig.  P5.7.33 

2  111 

(A)  —(cos  t  +  — cos2 1  +  —cos  3 1  +  —cos  4 1 +....) 

n  2  3  4 

2  111 

(B)  —(sin  t  — sin2t  h — sin  3 1 - sin  At  +....) 

n  2  3  4 

2  111 

(C)  —(sin  t  +  cos  t  — sin2t  — cos2t  +  —sin  3t  +....) 

re  2  2  3 

2  111 

(D)  —(sin  t  +  cos  t  h — sin  3 1  h — cos  3t  H —  sin  5 1  +  ....) 

7i  3  3  5 


x(t) 


-A 


...  A  2A  .  1  .  1  .  , 

(A) - 1 - (sin  t  — sin  3t  h —  sm5f....) 

2  7i  3  5 


A  9A  1  1 

(B)  —  +  — (cos  t  — cos2t  +  —cos  3t....) 
2  71  2  3 


(C)  —  +  —(cos  t  -  —  cos  3 1  +  —cos  5 1....) 
2  7t  3  5 


A  2A  1  1 

(D)  —  + - (sin  t  +  cos  t  +  —sin  3 1  +  —  cos  3t ....) 

2  71  3  3 


x(t) 


(A)  —  +  i^-(cos  7 it  +  —cos  3nt  +  —cos57tt +....) 

2  7t2  9  25 

12  1  1 

(B)  3  +  —5-  (cos  n t  +  —cos  3nt  +  —  cos 5 nt  +....) 

7i2  9  25 

(C)  —  +  ^(sin  7 it  -—sin  3nt  +  —  sin  5%t  -....) 

2  7t2  9  25 

12  1  1 

(D)  3  +  ^(sin  7 it  — sin  3nt  +  —  sin  but-....) 

7t2  9  25 


Fig.  P5.7.34 


A  4A (  1  1 

(A)  -  h - sin  t  h —  sin  2t  h —  sin  3 1  ■ 

2  n  {  2  3 

A  4Af  1  1 

(B)  —  + -  cos  t  +  —cos  3 1  +  —cos  5 1 

2  U  3  5 

(C)  ^4  sin  t  +  —sin  3 1  +  —  sin5f  +  .... 

7t  V  3  5 

(D)  cos  t  +  —  cos 2 1  +  —  cos  3 1  +.... 

71  l  2  3 


x(t) 

A 


Fig.  P5.7.35 
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SOLUTIONS 


T/2 


1.  (D)X[A]  =  —  \A3tt)e-Sk°<fdt  =  —  , 

T  J  'T 

-*■  -T/2  ± 

A  =10  ,  T  =  5,  X[k]=2 


T/2 


T/  4 


2.  (C)  X[k]  =  -  |  x(t)e-jkm"‘dt  =  J  Ae~jkl“°‘dt 


A 

Y 


-  jk(On  t 

e  J  ° 
-  jk(o o 


-T/2 


4  A  .  f  nk 
=  —  sin| 

-t  nk 

4 


-T/4 


3.  (B)  T=2k  ,  co0  =  —  =1,  x(t)  = 
2k 


A, 


0  <  t  <  — 
3 

4-71 

0,  —<t<  2k 

3 


X\k]  =  —  f  x(t)e~jktdt  =  —  f  Ae-ji,dt  =  YY 

2n  ^  9.  it  J  9it& 


1  T>  -M  jA 


2  71 


2xk 


-1 


9.  (D)  x{t)  =  £x[A:]e 


jnkt 


=  2e  4eJ 


■e'e - +  eiem*+2e4eiW'a 


_  2(e~J'^4llt+  ^4)  +  g^4n*+V4))  -|-  3nt-nj4)  _j_  ^{&tt-v/4)\ 

=  4cos  (4ti£  +  7r/4)  +  2cos(37it  -  jt/4) 

10.  (A)  X[A]  =  e“-''2’*,-4  <  k  <  4 
x(£)  =  £  e~i2nkejnht  =  = 


sin  9  Tit 
sin  7T^ 


11.  (D)  X[k\  =\k\,  -3<k<3 
x(t)=  £  X\k]eMt 


=  3e/(_3),tf  +  2e-/(-2)"'  +  +  eja)nt  +  2ejWld  +  3e,(3W 

=  6 cos  3nt  +  4cos27it  +  2  cos  7 it 


12.  (A)  x(t-ta)  is  also  periodic  with  T.  The  Fourier 


series  coefficients  A,  |  k]  of  x(t  -  tj  are 

O  J  °  ° 


X1[k]  =  ^  \x(t-t0)e~ 

I  J 


1  at  ■ 


J  jc(x)  I 


-jkta0  x 


dx 


4.,c,  t=2,  «.„ =y=«,  4,)={~^’ 

i 1  i  f  °  i 

X[A]  =  i  J  x{  t)e~jhtdt  =  i  J  -Ae~jhndt  +  J  Ae^dt 

0 

-(1 -(-!)*) 


A  i  1  -  e 
2  I  jkn 


1 

jkn 


\ 


-1 

e  '-*-1)  A 

-jk  K  J  jk,K 


-jkn 


5.  (A)  sin2 1  = 


2  j 


=  —  (e2j(  -  2  +  e“2jJ) 

4 


271 


The  fundamental  period  of  sin  (t)  is  7t  and  coD  =  —  =  2  , 

71 

X\k]  =  —  dik  - 1]  +  -  a*]  -  -  3Lk  +  1] 

4  2  4 


7.  (C)  x(t)  =  £  X[k\ei2l*‘  =  jej2nt  -  je  +  efint  +e~j6nt 

k  =  -co 

=  -2  sin  27if  +  2  cos  67it 


8.  (D)  x(t)=  ^X\k]ejkt=  £  f  1 

k  =  -co  k  =  -<x>\ 

zl 

_  3e  ^  1  _  4 


Jht 


-1 


0ikt 


1  +  — e 
3 


-  j‘ 


l  +  -ejt 
3 


5  +  3cos  t 


=  e-jkmJ°  X[k] 

Similarly,  the  FS  coefficients  of  x(t  +  tj  are 
X2[k]=eJk“‘°‘°X[k] 

The  FS  coefficients  of  x(t  -  ta)  +  x(t  +  ta)  are 
Y\k]  =  X^k]  +  X2[k]  =  e~jkaJ-X\k]  +  e^^XYk] 
=  2  cos  (o)akt)X[k] 


13.  (A)  Ev|x(t)}  = 


x(t)  +  x(- 1 ) 


The  FS  coefficients  of  x(t)  are 

X,\k\=^\  x(-t)e-jkmJdt  =  1 J  x(x)  eJha-Tdx  =  X\-k] 

Therefore,  the  FS  coefficients  of  Ev(  x(t)\ 

vr,n  X[kl  +  X[-k] 

Y\k\  = - - - 


14.  (C)  Relx(t)}  = 


x  ( t )  +  x  {t) 


YVk\  = 

www.gatehelp.com 


The  FS  coefficient  of  x*(t)  is 

X.m  =  —  J  x\t)  e~jk“}°‘dt  =  Xl\-k] 
T  T 

x;m  =  —  J  x(t)ejkaJdt  =  X[-k] 

T  T 

X1[k]  =  X*[-k\ 

x[k]  +  x\-k] 


are 
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X[k ]  =  cos  |  k  \  +  2j  sin  f  ~  ^ 


19 


(A)  — (5[u  +  5]  +  5 [n  -5])  +  19(50  +  2]  -  50  -2]),  OI<9 
2 


Usl  yM  =  x[n]  -  x[n  -  N/2]  ,  (assume  that  N  is  even) 

(A)  (1  -(-1)*+1)X[2£]  (B)  (1  ~{-l)k)X[k] 


(C)(l-(-l)*+1)X[£] 


(D)(l-(-l)*x)X[2« 


(B)  —  (5[n  +  5]  +  50  -5])  +  (50  +  2]  -  50  -2]),  Ini <9 
2 


(C)  -(SO  +  5]  +  50  -5])  +  9(60  +  2]  -  50  -2]),  OI<9 
2 


IBI  y[n]  =  x'[-n ] 
(A)  -  X\k  ] 

(C)  X\k  ] 


(B)  -  X\-k  ] 
(D)  X\-k  ] 


(D)  —(5 [n  +  5]  +  5 [n  -5])  +  (50  +  2]  -  50  -2]),  OI<9 
2 


y[n]  =  (-!)"  x[n\  (assume  that  N  is  even) 


E0  X[k]  - 


COS 


(  nk  "i 

(A)  X 

\k~- 

2 

(B)  X 

",  N  " 
k  H - 

2 

121  J 

91 

(A)  — (5[rc  +  4]  +  5 [n  -  4]),  I  zzl  <  10 
2 


(C)  X 


,  N  1 

k  — - h  1 

2 


(D)  X 


,  N  , 

Jz  H - —  1 

2 


(B)  —  (5[/z  +  4]  +  5[n  -  4]),  OI<  10 
2 

91 

(C)  —  (6O  +  4]-5O-4]),OI<10 
2 


(D)  —  (50  +  4]  -  5 [re  -  4]),  OI<  10 
2 


Statement  for  Q.  15-20: 


Consider  a  periodic  signal  x\n\  with  period  N  and 
FS  coefficients  X\k\  Determine  the  FS  coefficients  Y\ k] 
of  the  signal  y\n]  given  in  question. 


Statement  for  Q.21-23: 

Consider  a  discrete-time  periodic  signal 

xooj1’0^7 

|0,  8  <n  <9 

with  period  N  =  10.  Also  y[_n]  =  x[n ]  -  x[n  -  1  ] 

m  The  fundamental  period  of  yO]  is 

(A)  9  (B)  10 

(C)  11  (D)  None  of  the  above 


flil  yO]  =  x[n  -  na] 


(A)  e  UJ  X[k ] 


(C)  kX[k ] 

fftl  y[n\  =  x\_n\  -  x[n  -2] 
(A)  sin  f  k  |  X[k\ 


(B)  e  UJ  X[k] 


(D)  -kX[k\ 


(C) 

1-e 

X\k] 

(D) 

l-eUJ 

V  J 

v  y 

X[k] 


The  FS  coefficients  of  yO]  are 


1-e 


(B)^ 


8  Til.  A 


2] 

y  /<  \ 

(C)  — 

r 

1-e  Uj 

/ 

(D)  — 

(B)  cos  p  TO] 

10 

V  J 

10 

V 

1-e 


-/fv 

1-e  [s] 

y 


EH  y[_n]  =  x\_n ]  +  x[n  +  N/2]  ,  (assume  that  N  is  even) 


The  FS  coefficients  of  x\_n]  are 

(A)  -  J-eJ ^  cosec  [  —  )  Y[k],k  *  0 
2  UO  J 


(B)  ^e  ^ 10 ^  cosec  f 

^  nk 

U  J 

2  1 

v  10  j 

(B)  2X\2k  -  1],  for  0  <  k  < 


N 


(D)  2X\2k],  for  0  <k<  — 

2 


(C)  --e~J  10  secf  —  |  Y[k] 

2  l  10 


/  7pk  'j 

It-1] 

(D)  —  e  10  sec  f 

'  nk  i 

2  l 

.10  j 
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Statement  for  Q.24-27: 

Consider  a  discrete-time  signal  with  Fourier 
representation. 


x\_n]  <- 


->  X\k] 


In  question  the  FS  coefficient  Y[k]  is  given. 
Determine  the  corresponding  signal  y\n ]  and  choose 
correct  option. 

Y[k]  =  X[k- 5]  +  X[/e  +  5] 


(A)  2  sin 

(H 

x[n] 

(B)  2  cos 

» 

(C)  2  sin 

(i-: 

|  x[n] 

(D)  2  cos 

F[/e]=cos 


(A)  —  ( x[n  +  5]  +  x\_n  +  5]) 
2 


(  Tlk  \  ,,rI  . 

(A)  5  cos  ( —  n\ 

(B)  5  sin  ^ 

(-  xw 

Uo  J 

i’-lil  A  real  and  odd  periodic  signal  x\  n  ]  has  fundamental 

period  N  =  7  and  FS  coefficients  X[k\.  Given  that 

X[15  ]  =  j,  X[16]=2  j,  A[17]  =  3j.  The  values  of 

X[Q},  X[-l],  X[-2],  and  X  [-3]  will  be 

(A)  0,  j,  2  j,  3 j  (B)  1,  1,  2,  3 

(C)  1,  -1,  -2,  A3  (D)  0,  -j  ,  -2 j,  -3 j 

5TB  Consider  a  signal  x[re]  with  following  facts 

1.  x[n]  is  a  real  and  even  signal 

2.  The  period  of  x[n ]  is  A  =10 

3.  X[ll]  =  5 

4-1|,ZK=50 

n  =0 

The  signal  x\n,\  is 

71 

10 


(B)  —(x[n  +  2]  +  x[_n  -2]) 
2 


(C)  10  cos  |  —  n 


(D)  10  sin  |  —  n 


(C)  —  (x[n  +  10]  +  x[n  +  10])  (D)  None  of  the  above 
2 


(A) 


Y[k]  =  X[k]*  X[k\ 
(x[n])2 


2n 

(C)  (x[n])2 


(B)  j'27i(x[n])2 
(D)  2iix[n])2 


sTT  Each  of  two  sequence  xYh]  and  y\ n]  has  a  period 
N  =  4.  The  FS  coefficient  are 

X[0]  =  X[3]  =  -  X[l]  =  -  X[2]  =  1  and 
2  2 

F[0],  Y[  1],  y[2],  Y[3]  =  l 
The  FS  coefficient  Z[k ]  for  the  signal 


^  Y[k]=  Re{Z[^]l 

z[n]  =  x[n]y[n]  will  be 

...  x  [7z]  +  x[-n] 

x[ra]-x[-/i] 

(A)  6 

(B)  61^1 

2 

2 

^  x  [n\  -  x[-n\ 

x  [n]  +  x[-n] 

(C)  6'*' 

(D)  e  2 

2n 

2  n 

5^1  Consider  a  discrete-time  periodic  signal 

Consider  a  sequence  x[n]  with  following  facts 

1.  x\_n]  is  periodic  with  N  =6 

2.  fjx[n]=  2 

n  =  0 

3.  X(-D"  *[»]  =  ! 


x[n]  = 


lln 

sm[ - n 

20 

71 

sm]  — n 

,20 


4.  x[tz]  has  the  minimum  power  per  period  among  the 
set  of  signals  satisfying  the  preceding  three  condition. 


(A) 


(C) 


The  sequence  would  be.. 
11111 
"'2’  6’  2’  6’  2’ 


t 


with  a  fundamental  period  N  =20.  The  Fourier 
series  coefficients  of  this  function  are 

(A)  —  (u[k  +  5]  -  u[k  -  6]),  \k\<  10 
20 


(B)  — ( u[k  +  5]  -  u[k  -5]),  I  /el  <  10 
20 


(C)  (u[k  +  5] -  u[k  +  6]),  \k\<  10 

(D)  ( u[k  +  5]  -  u[k  -  6]),  I  k\  <  10 


11111 

J  6’  S’  6’  3’ 


(D)  {...0,  1,  2,  3,  4,...} 
t 
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11.  (D)  iV=7,Q0=y  , 


x[n\=  ^X\k]e 


,J  =  2e  [7]  - 1  +  2e 


.  I  2  7X  , 

=  4  cos  |  —  n  |  - 1 


17.  (C)  Note  that  y[re ]  =  x[re]  +  x  [re  +  N/ 2]  has  a  period 
of  N/2  and  N  has  been  assumed  to  be  even, 

Y[k\  =  —  (x[re]  +  x[n  +  N/2])  e 

N  n  =o 

=  2X[2k]  for  0<k<(N/2-l) 


-A%kn 


?!  ^r,n  “dej* 


12.  (C)  N  =  12,  Q0  =  —  ,  X[k\=e 
6 

6  -/"l*  j[-\kn  6  j(-)k(n-l) 

x[re]=£e  UJeUJ  =  £e UJ 


>(-4)-(n-l) 

O  6 


.9tC  , 
y— in-1) 

l-e  6 


\ 


l-e 


j-(n- 1) 


sin  — (re  -1) 

V  4 

sinf  —  (re  - 1) 

V  12 


18.  (B)  y[_n]  =  x[re]  -  x  [re  -  N/2] 


Y[k]  = 


_  /27t'|iVj(h 

1  -  e_/  N  2  A[/e]=(l-e“-M)N[&] 


v  y 

0,  k  even 
2X[A],  k  odd 


19.  (C)  y[n]  =  x*[-re] 


-A  4r  \kn 


Y[k]  =  —  VxX-n)e  JyNr  =X\k] 
N  /To 


13.  (A)  N  =  19,  Q„  = 


2ji 

19 


X[£]  =  cos  |  U  +  2  J  sin  f  £ 


^  -j(-B)  —k  -1(5)  —  k  ^ 

e  19  +e  19 


2  71  \ 


-K- 2)—*  -1(2)— i 

e  19  +e  19 


By  inspection 
19 

x[re]  =  — (S[re  +  5]  +  5[re  -  5])  +  19  (5[re  +  2]  -  8 [re  -2]), 
2 

Where  I  rel  <  9 


20.  (A)  With  N  even 

/  2  7i)  N 

y\n \  =  (-1)"  x[re]  =  ejm  x[re]  =  e"^¥x[re] 


1  N- 1 

F[H  =  -2> 

4V  re  =o 


/  271)  N 

;(  H 

W2J„1<,  ' 

UJ 

I  N- 1 
=  _^x[re]e 
-iV  n  =0 


-■/'uJtU 


=  X[A-N/2] 


21.  (B)  y[re]  is  shown  is  fig.  S5.8.21.  It  has  fundamental 


14.  (A)  N  =21,  Q„  = 


2n 

21 


COS 

I  00 

1  ^ 
3s- 

=- 

(  ,,2i[  27i  \ 

e  “J  “4V  +  e  -j(4  21* 

(,  21  1 

2 

l  y 

Since  X[k\  =  —  V  x[re]e  ■,;’£!o" ,  By  inspection 
N  „Ty 

r  ,  J-.  »  =  « 

x[re]  =  /  2 

I  0,  otherwise  re  e  {—10,  -9, . .9.  10) 


15.  (B)  Y[k]  =  ^-YJx[n-n0]e 

N  re  =0 

1  -if— -|k0  V-l  -if—  \kn  -if— |ftn0 

=  —  e  UJ  ]Tx[re]e  =  e  Ul 

N  71=0 


X[k] 


16.  (C)  Y[k]  =  X[k]-e 


~j\>k 


f 


xm  = 


-A 


( 4tiV  A 


l-e  '«> 
v  J 


xm 


yin ] 


1( 

■ . .  .1 

1 

n 

1  2  3  4  5  7  B  ( 

(  10  11 

Fig.  S5.8.21 


period  of  10. 


22.  (B)  Y[k]  =  X_'£jy[n]e 

10  77-0 


-j\ 


( 

.( 2ti^  LO  'N 

c  /a.li 

/  27t^ 

1 

l-e 

“  W8 

1 

-1 U  * 

l-e 

Ur 

_10 

J 

“To 

v  J 

23.  (A)  y  [re]  =  x  [re]  -  x  [re  - 1] 


Y[k]  =  X[k]-e 


xm 


X[k]  =  - 


Y\k] 


-j  i  * 

l-e  [B) 
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xm=- 


Y[k] 


gTioJ  Y[k\ 


/— 1*  -/—I*  .  .  ( nk 

UoJ  _  „  TioJ  2  j  sin  I  — 


-  e 


10 


;  —  e  ' 10  '  cosec f  —  k  \  Y[k] 

2  l  10 


24.  (D)  Q0  =  ,  Y[k\  =  X[k-  5]  +  X[£  +  5] 


y[«]  = 


A  VE\  71  •/  c\  71  A 

j(5) — re  ,/(-5) — re 


25.  (B)  y[A]=cos  X[A]  = 


•7tL  .*1  A 

e  5  +  e  5 


X[A] 


^  j(2)U(.  j(— 2)  —A  ^ 

10  ,  „  10 


X[A] 


y[n]  =  —  (x[n  -2]  +  x[n  +  2]) 
2 


26.  (C)  Y[k]  =  X[k]*  X[k]  =>  y[n]  =  x[n]x[n]=(x[n])2 

27.  (A)  y[A]  =Re|X[/s]|  =>  yin]  =Ev{x[n]}  =  xlnl  +  x[~w] 


28.  (A)  N  =6,  Q0  =  —  , 

6 

5 

From  fact  2,  ^x[n]=2 

re  =0 

1  5  jf— 1(0)*  1  1 

=>  UJ  tin}  =  \  =*  X[0]  =  i  , 

D  n  =o  O  3 

From  fact  3,  ^(-l)re  x[n]  =  1 

re  =2 

=>  =  ^  X[3]  =  i 

D  fi  =o  O  D 

By  Parseval’s  relation,  the  average  power  in  x[n]  is 


p  =  £  \xikf, 


The  value  of  P  is  minimized  by  choosing 

X[1]  =  X[2]  =  X[4]  =  X[5]  =  0 

Therefore 


x[rc]  =  X[0]  +  X[3]e 


—  3n  1  11  1 

6  J  =  A +  (-i)»  i.=i  +  (_D»  - 


6  3 


x[n\  = 


11111 

2’  6’  2’  6’  2” 

t 


29.  (D)  Since  the  FS  coefficient  repeat  every  N.  Thus 
X[1]  =  X[15],  X[2]  =  Z[16],  X[3]  =  X[17] 

The  signal  real  and  odd,  the  FS  coefficient  X[k]  will  be 
purely  imaginary  and  odd.  Therefore  A|0]  =  0 
X[-1]  =  -Z[l],  X[-2]  =  -X[2],  Z[-3]  =  -X[3] 
Therefore  (D)  is  correct  option. 


30.  (C)  Since  IV  =10,  X[ll]  =  X[1]  =5 

Since  x[n]  is  real  and  even  X\k\  is  also  real  and  even. 

Therefore  X[l]  =  X[-l]  =  5. 

Using  Parseval’s  relation  ^|X[&]|2  =50  =  ^|X[&]|2 

N  k=  1 

|X[-1]|2  +  |Ztl]|2  +  |X[01|2  +  =50 

k=2 

\xiof  +  i\x[kf=o 

k  =  2 

Therefore  X[k ]  =0  for  k=0,2,  3, . 8. 

j(— 8  j\ 

x[rc]  =  £MeUJ  =^X[k]e 

N  k=-l 


j[^r 


=  5 


e  10^  +  e 


=  10  cos  |  —n 


31.  (A)  zVn]  =  x[n]y[n]  <^DTFS  >  £  X[l]Y[k  - 1 \ 

k=<N> 

=>  Z[k]  =  J^X[l]Y[k-l] 

1= 0 

=>  Z[k\  =  X[0]Y[A]  +  X[1  }Y[k  - 1]  +  XI 2 }Y[k  -  2]  +  XmYlk  -3] 

=  Y\k\  +  2 Y[k  - 1]  +  2Y[k  -2]  +  Y\k  -  3] 

Since  Y[k]  is  1  for  all  values  of  k. 

Thus  Z\k\  =  6,  for  all  k. 


32.  (A)  N  =20  We  know  that 


1,  I  n\  <5 
0,  5  <lnl<  10 


Using  duality 
lljt 


DTFS;— 

i - 


sin 


11  n 

W 


sin  I  —  k 


20 


sin 


20 


1  f  1, 


sin 


20 


\k\<5 


20  0,  5  <l^l<  10 
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HI  The  equivalent  transfer  function  of  three  parallel 
blocks 


G,(s)  = 


1 

s  +  1 


G2(s)  = 


1 

s  +  4 


and  G3(s)  =  S  +  ^ 
s  +  5 


is 


(A  is3  +  10s2  +  34s  +  37) 
(s  +  l)(s  +  4)(s  +  5) 

j  Y  3) _ 

is  +  l)(s  +  4)(s  +  5) 

(C  -is3  +  10s2  +  34s  +  37) 
(s  +  l)(s  +  4)(s  +  5) 

(D) - +  3) - 

(s  +  l)(s  +  4)(s  +  5) 


Fig.  P.6.1.3 


^  sis  +  2)(s  +  3) 
s3  +  7  s2  +  12s  +  3 

(B)  s^s  3) 

s3  +  5s2  +4s-3 

(C)  ^ 

s3  +  7s2  +  12s  +  3 

(D)  +  +  ^ 

s3  +  5s2  +  4s-3 


The  block  having  transfer  function 


G1(s)=- 


,  G2(s)  =- 


,  G3(s)  =  - 


are  cascaded.  The  equivalent  transfer  function  is 
(/y)  (s3  +  10s2  +  37s2  +  31) 

(s  +  2)(s  +  3)(s  +  5) 

(B) - — ^ - 

(s  +  2)  (s  +  3)  (s  +  5) 

(C  -(s3  +  10s2  +  37s2  +  31) 

(s  +  2)(s  +  3)(s  +  5) 

(D) - - 

(s  +  2)(s  +  3)(s  +  5) 


|  For  a  negative  feedback  system  shown  in  fig.  P.6.1.3 

G(s)  =  5  +  1  and  His)  = 

sis  +  2)  s  +  4 


3  A  feedback  control  system  is  shown  in  fig.  P.6.1.4. 
The  transfer  function  for  this  system  is 


Fig.  P.6.1.4 


(A)  - ^ - 

1  +  H1G1G2G3 

(B)  - - 

G^l  +  i?1G2G3) 


(C) 

(D) 


G2G3 

1  +  H1G1G2G3 

g2g3 


Gj(1  +  H3G2G3) 


The  equivalent  transfer  function  is 
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Consider  the  system  shown  in  fig.  P.6.1.5. 

RM  | - 1  x  | - 1  C(s) 


H G|  H % 


Fig.  P.6.1.5 

The  input  output  relationship  of  this  system  is 


RM 

G1G2 

CM 

RM 

1  +  G ^  +  G^G2 


CM 


(A) 


(B) 


RM 


G1  +  G2 


c<s>  RM 


1+G2  +  G1G2 


CM 


(D) 


G1G2 


1  +  G1Hl 


g2H2 


GiG2H1H2 


3  The  closed  loop  gain  of  the  system  shown  in  fig. 
P6.1.8  is 

— B  £ 

_ TL__ 

3  r 

Fig.P6.1.8 

(B)  6 
(D)  2 


(A)  -2 
(C)  -6 


(C) 


(D) 


3  A  feedback  control  system  shown  in  fig.  P.6.1.6  is 
subjected  to  noise  N(s). 


N(s) 


Fig.  P.6.1.6 


(A) 

(C) 


The  noise  transfer  function 


CN  (s) 


is 


G2 

1  +  GjG2iT 

1  +  g2h 


N(s ) 

(B)  — ^ — 

1+GjH 

(D)  None  of  the  above 


3  The  block  diagrams  shown  in  fig.  P.6.1.9  are 
equivalent  if  G  is  equal  to 


Fig.  P.6.1.9 


(A)  s  +  1  (B)  2 

(C)  s  +  2  (D)  1 

ITB  Consider  the  systems  shown  in  fig.  P.6.1.10.  If  the 
forward  path  gain  is  reduced  by  10%  in  each  system, 
then  the  variation  in  C1  and  C2  will  be  respectively 

Ri  1 — 1  1 — 1  cl 

— — hi] — *- 


A  system  is  shown  in  fig.  P6.1.7.  The  transfer 
function  for  this  system  is 


Fig.  P.6.1.7 


(A)  - - 

1  +  G,  G,  H2  +  G2H \ 

(B)  - °2 - 

1 +  G1G2  +  H1H2 

{C>  1  -  G1H1  -  G2H2  +  G1G2H1H2 


0 — 


Fig.  P.6.1.10 

(A)  10%  and  1%  (B)  2%  and  10% 

(C)  10%  and  0%  (D)  5%  and  1% 

m  The  transfer  function  T  of  the  system  shown  in  the 
fig.  P.6.1.11  is 


Fig.  P.6.1.11 
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(A) 

G,H  2 

(B) 

G1G2H2 

77,(1  +  G,G2772 ) 

77,(1  +  G,G2772) 

(C) 

G2Gi 

(D) 

g,g2 

1  +  H1H2G1G2 

+  GiG2H2) 

m  In  the  signal  flow  graph  shown  in  fig.  P6.1.12  the 
sum  of  loop  gain  of  non-touching  loops  is 


(A)  ^32^23  ^44 
(C)  ^24^43^32  ^44 


(B)  t23t32  +  ^34^43 
(D)  t23t32  +  ^34^43  +  ^44 


fEl  For  the  SFG  shown  in  fig.  P.6.1.14  the  graph 
determinant  A  is 

-c 


Fig.  P.6.1.13 

(A)  l-bc-fg-  bcfg  +  cigj 

(B)  l-bc-fg  -  cigj  +  bcfg 

(C)  1  +  be  +  fg  +  cig  j  -  bcfg 

(D)  1  +  bc  +  fg  +  bcfg  -  cigj 

m  The  sum  of  the  gains  of  the  feedback  paths  in  the 
signal  flow  graph  shown  in  fig.  P.6.1.13  is 


label 


fed 

Fig.  P.6.1.14 


(A)  af  +  be  +  cd  +  abef  +  bede 

(B)  af  +  be  +  cd 

(C)  af  +  be  +  cd  +  abef  +  abedef 

(D)  af  +  be  +  cd  +  cbef  +  bede  +  abedef 


O  A  closed-loop  system  is  shown  in  fig.  P.6.1.15.  The 
noise  transfer  function  Cn(s)/N(s)  is  approximately 


R(s)  1 


<?i  C(s) 


(A) 


G^H.is) 

1 


For  |G1(s)fir1(s)i?2(s)| « 1 


(B)  X  For  |G1(s)fZ1(s)ff2(s)|  »1 

(C)  X—  For  |G1(s)H1(s)H2(s)|  » 1 

(D)  For  |G1(s)ff1(s)i?2(s)|  «1 


-77,  (s) 

1 

X 

fftl  The  overall  transfer  function  T  of  the  system  shown 
in  fig.  P6.1.16  will  be 


(A)  G 


(C) 


G 


(1  +  77,)  (1  +  772) 


(D) 


G 


1  +  77,  +  772 


L0  Consider  the  signal  flow  graphs  shown  in  fig. 
P6.1.17.  The  transfer  2  is  of  the  graph 


l  l 

o — «■ - o - «■ - o 


(A)  a 

(C)  b  and  c 


Fig.  P.6.1.17 

(B)  b 

(D)  a,  b  and  c 
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List  I  List  II 

(Signal  Flow  Graph)  (Transfer  Function) 


P. 


Q. 


1 .  a  +  b 

2.  ab 


b 

The  correct  match  is 

P  Q 

(A)  2  1 

(B)  2  1 

(C)  1  2 

(D)  1  2 


3.  — - — 

(1  -  ab) 

4.  “ 

1-6 

R 

3 

4 
4 
3 


S 

4 

3 

3 

4 


For  the  signal  flow  graph  shown  in  fig.  P6.1.19  an 
equivalent  graph  is 


(C)  (D) 


^3  Consider  the  block  diagram  shown  in  figure 
P.6.1.20 


Fig.  P.6.1.20 


For  this  system  the  signal  flow  graph  is 


3!  The  block  diagram  of  a  system  is  shown  in  fig. 
P.6.1.21.  The  closed  loop  transfer  function  of  this  system 
is 


Fig.  P.6.1.21 


(A)  GXG2G3 
1  +  G1G2G3H1 

(TV)  _ GiG2G3 _ 

1  +  g1g2g3h1h2 

/p-i\  _ G2Gt _ 

1  +  G1G2H1  +  G2G3H2 


(D) 


_ GiG2G3 _ 

1  +  G1G2H1  +  G,  G,H2  +  G2G3H1 


^3  For  the  system  shown  in  fig.  P6.1.22  transfer 
function  C(s)/R(s)  is 


Fig.  P.6.1.22 
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(A) - ^ - 

1  -H1Ga-HaGa-G1GaHa 

_ g3  +  g4g2 _ 

1  +  HXG2  +  H2G3  +  G,  G2  H2 

(C)  - ^ - 

1  +  HtG2  +  H2G3  +  GlG2H2 

(D)  - ^ - 

1  -  77,  G2  -  H2G:i  -  G, G2H2 


In  the  signal  flow  graph  shown  in  fig.  P6.1.23  the 
transfer  function  is 


^3  The  transfer  function  of  the  system  shown  in  fig. 
P.6.1.26  is 


Fig.  P.6.1.26 


(A) 

(C) 


GiG2 


1  -  G1G2H1  -  G\G.,H2 

GiG2 


(B) 

(D) 


g,g2 


1  -  G2H2  -  G1G2H1 
G,  G2 


1  ~  G2H2  +  G1G2H1H2  1  -  G}G2HiH 


R  5 

o - ►- 


2  C 

•- — o 


-3 

Fig.  P.6.1.23 


‘(A)  3.75 
(C)  3 


(B)  -3 
(D)  -3.75 


S3  In  the  signal  flow  graph  shown  in  fig.  P6.1.24  the 
gain  C/R  is 


-l 


-l 


44 

(A)  ITT 
23 

44 

(C)T5 


19 


rsf  The  gain  C{s)/R(s)  of  the  signal  flow  graph  shown  in 
fig.  P.6.1.25  is 


(A) 

(B) 

(C) 

(D) 


g,g2  +  G2G3 


1  +  G  |  G,  /  / 1  +  C,C:/ /  +  G4 

_ G]  Gz  +  G2G3 _ 

1  +  G1G3H1  +  G2G3Hl  -  G4 


G,  G3  +  G2G3 


1  +  G1G3H1  +  G2G3H1  -  G4 


G,  G:i  +  G2G3 


1  +  G  |  G.  /  /  +  (1,(11  /  +  G4 


i’lr#  For  the  block  diagram  shown  in  fig.  P.6.1.27 
transfer  function  C(s)/R(s)  is 


(A) 

(B) 

(C) 

(D) 


Fig.  P.6.1.27 

G,  G2 


1  +  G,  G2  +  G,  G7G3  +  G1G2G8G6  +  G1G2G3G7G5 

_ G,  G2 _ 

1  +  +  G1G2Gg  +  G1G2G5G7  +  G1G2G3G6G'7 

_ G]  +  G2 _ 

1  +  G^  +  G1G2G8  +  G1G2G5G7  +  G1G2G3G6Gr7 

_ G]  +  G2 _ 

1  +  G,  G2  +  G3G6G7  +  G1G3GiG5  +  G1G2G3G6G7G8 


For  the  block  diagram  shown  in  fig.  P.6.1.28  the 
numerator  of  transfer  function  is 


Fig.  P.6.1.28 


(A)  G6[G4  +  G3  +  G5(G3  +  G2 )] 

(B)  G6[G2  +  G3  +  G5(G3  +  G4 )] 
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(C)  G6[G4  +  G2  +  G3(G4  +  G5)] 

(D)  None  of  the  above 

For  the  block  diagram  shown  in  fig.  P.6.1.29  the 
transfer  function  C(s)/J?(s)  is 

50(s  -2)  50(s  -2) 


The  closed  loop  transfer  function  of  the  system 


(A) 


(C) 


s3  +  s2  +  150s -100 

50s _ 

s3  +  s2  +  150s -100 


(B) 

(D) 


s°  +  s2  +  150s 
50 

s2  +  s  +  150 


jj  For  the  SFG  shown  in  fig.  P.6.1.30  the  transfer 
Git 


function  §  is 


-H,  -Ho 


Fig.  P.6.1.30 


(A) 

(B) 

(C) 

(D) 


G1  +  G2  +  G3 


1  +  G1H1  +  G2H2  +  G3H3 

_ Gt  +  G2  +  G3 _ 

1  +  G1H1  +  G2H2  +  G3H3  +  GlG3H1H3 

g,g2g3 

1  +  G1Hl  +  G2H2  +  G3H3 

GjG2G3 

1  +  GlH1  +  G2  H2  +  G3H3  +  G1G3H1H3 


Consider  the  SFG  shown  in  fig.  P6.1.31.  The  A  for 
this  graph  is 


Fig.  P.6.1.31 

(A)  1  +  G4H4  +  G2G3H3  +  GlG3H2 

(B)  1  +  GlH1  -  G2G3H3  -  G1G3H3  +  G2G4H2H3 

(C)  1  +  GlHl  +  G2G3H3  +  G4G3H3  -  G2G4H2H3 

(D)  1  +  G3H3  +  G2G3H3  +  G  G  / /3  +  G2G4H2H3 


shown  in  fig.  P6.1.33  is 


(A) 

(B) 

(C) 

(D) 


Fig.  P.6.1.33 

Gi  G2G3  +  G2G3G4  +  G,  G4 


1  +  GlG3GiHlH2H3  +  G2H4H1H2  +  G4H4 

_ G2G4  +  g4g2g3 _ 

1  +  G1G3H1H2H3  +  G4H4  +  G3G4H4H2 

_ G,  G3G4  +  G2G4 _ 

1  +  G3G4H1H2  +  G4H4  +  G4G3H3H2 

_ GiG3G4  +  G2G3G4  +  g2g4 _ 

1  +  G1G3G4H1H2H3  +  G3G4H4H2  +  G ,  /  / 


Statement  for  Q.34-37: 

A  block  diagram  of  feedback  control  system  is 
shown  in  fig.  P6. 1.34-37 


^3  The  transfer  function  of  the  system  shown  in  fig. 

The  transfer  function  — 

P.6.1.32  is 

ri 

(A^)  G2G3  +  G1G3 

(B)  G2G:i  + 

(B) 

1  ~  G3iTj  +  G2G3 

1  +  G3iTj  -  G2G3 

G(1-2G) 

CfT)  g2g3  +  G1G3 

(D)  G2G3  +  G1G3 

(CI  1-G- 

(D) 

1  +  G3iT4  +  G2G3 

1  -  G3H4  -  G2G3 

is 


G(l-G) 
1 -2G2 

G 

1  -  G2 
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The  transfer  function 


C, 


■^2  R1=  0 

(A)  ° 

(B) 

1-2  G2 

(C)  °2 

(D) 

1-2  G2 

is 


G 


1-G2 

G2 

1-G2 


^3  The  transfer  function 


C, 

R, 


is 

r2= 0 


(A) 

(C) 


G(l  +  G) 
1  -2G2 

G2 

1-G2 


(B) 


G2 


(D) 


1  -2G2 
G 

1-G2 


^3  The  transfer  function  — — 


^2  ft,  =0 

(A) 

G(1  +  G) 

(B) 

1  -2G2 

(C) 

G 

(D) 

1  +  G 

is 


G 

1  -2G2 
G 

1-G2 


^3  The  transfer  function  for  this  system  is 


(A) 


2s(2s  +  1) 
2s2  +  3s  +  5 


(C) 


2s(2s  +  1) 
4s2  +  13s  +  5 


(B) 


2s(2s  +  1) 
2s2  +  13s  +  5 


(D^  2s(2s  +  1) 
4s2  +  3s  +  5 


The  pole  of  this  system  are 
(A)  -0.75  +  j'1.39  (B)  -0.41,  -  6.09 

(C)  -0.5,  - 1.67  (D)  -0.25  ±  j'0.88 


Statement  for  Q.38-39: 

A  signal  flow  graph  is  shown  in  fig.  P.6.1.38-39. 


G4 


Fig.  P.6.1.38-39 


U  The  transfer  function 


(A) 


1 

A 


1  +  G2H2 
A 


(Q)  GiG2G3 
A 


(D)  None  of  the  above 


S3  The  transfer  function 


(A)  Gj G2G3  +  G4G3 
A 


(B)  G1G2G3  +  G4G3 


(C) 


G,  G.fi,  +  G4G3 

g,g2g3 


(D) 


GjG2G3  +  G4G3 
1  +  G2H2 


Statement  for  Q.40-41: 

A  block  diagram  is  shown  in  fig.  P6. 1.40-41. 
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1.  (A)  Ge(s )  =  G,(s)  +  G2(s)  +  G3(s) 

1  1  s  +  3 

(s  +  1)  (s  +  4)  (s  +  5) 

s* 2  +  9s  +  20  +  s2  +  6s  +  5  +  s3  +  5s2  +  4s  +  3s2  +  15s  +  12 
(s  +  l)(s  +  4)(s  +  5) 

_  s3  +  10s2  +  34s  +  37 

(s  +  l)(s  +  4)(s  +  5) 


2.  (B)  G,(s)  =  G1(s)G2(s)G3(s)  = 


(s  +  1) 


(s  +  2)(s  +  5)(s  +  3) 


C2  =  — — —  =  — ,  CL  =  — —  =  — ,  C2  is  reduced  by  1%. 
10  +  1  11  9  +  1  10 


11.  (A)  Apply  the  feedback  formula  and  then  multiply 


C 

R 


1  +  H2G1G2 


H2G \ 

4  (1  +  G1G2iy2) 


12.  (A)  There  cannot  be  common  subscript  because 
subscript  refers  to  node  number.  If  subscript  is  common, 
that  means  that  node  is  in  both  loop. 


3  (Q  C(s)  -  G(s^ 

R(s)  1  +  H(s)G(s) 
s  +  1 

s(s  +  2)  (s  +  l)(s  +  4) 

”  1+  (s  +  3)  (s  +  1)  “  s3  +  7s2  +  12s  +  3 
(s  +  4)  s(s  +  2) 


4.  (B)  Multiply  G2  and  G3  and  apply  feedback  formula 
and  then  again  multiply  with  —  . 

Gi 

ms)  _  _ G2G3 _ 

G1(1  +  G2GS4) 


5.  (D)  T(s)  =  G2(l  +  Gf)  +  1  =  1  +  G1  +  G4G2 

6.  (A)  Open-loop  gain  =G2 

Feed  back  gain  =  HG,  TJs )  = - ^ - 

1  N  1  +  G^ff 


7.  (D)  Apply  the  feedback  formula  to  both  loop  and  then 
multiply 


T(s)  = 


Gi 

1  +  G44 

G1G2 


G2 

G24 


1  +  G1H1  +  G2H2  +  GlG2HlH2 


8.  (C)  For  positive  feedback  —  =  — - —  =  -  6 

R  1-Sf 


13.  (D)  4  =  -6c,  L2  =  -fg,  4  -  jgic,  LlL3  =  bcfg 

A  =  1  -  {-be  -  fg  +  cig/)  +  =  1  +  6c  +  fg  -  cig  j  +  bcfg 

14.  (A)  In  this  graph  there  are  three  feedback  loop,  abef 
is  not  a  feedback  path  because  between  path  x2  is  a 
summing  node. 


15.  (B)  By  putting  R{s)=  0 

Pi  =  ~H2Gx  ,  4  =  - G, HzHt,  A,  =  1,  Tn(s)  ■■ 


-H& 

1 +  GM 


if  |G1ff2H1|»l,  Tn(s) 


-HaGi -l 


G\H2H1  4 


16.  (C)  =  g  ,  4  =  -^i  >  A2  =  —H2 , 44  =  H1H2,  a1  =  1 

G  G 


P(s)  = 


1  +  4  +  4  +  44  (1  +  4X1 +  4) 


17.  (B)  G  =  1,  G6  =1  +  1=2,  Gc=i  +  i  +  i  +  i  =  l 

4  4  4  4 

There  are  no  loop  in  any  graph.  So  option  (B)  is  correct. 


18.  (B) 

P.  PL  =  ad,  A  =  1,  L  =0  ,  T  =ab 

Q.  Pj  =  a,  P2  =  b  ,  A  =  1,  L  =  Ak=0,T=a  +  b 

R.  Pl=a,  Lx=b,  A  =  1  -  6,  A,  =  1,  P  =  — — 

a  -  b 

S.  Pj  =  a,  4  =  A  =  1  -  ad,  A,  =  1,  T  =  — - — 

1  -  ad 


9.  (D)  For  system  (b)  closed  loop  transfer  function 


G 


1  = 


G+s+1  G+s+1 


s  +  1 


Hence  G  =  1 


10.  (A)  In  open  loop  system  change  will  be  10%  in  C, 


19.  (A)  Between  e1  and  e2  ,  there  are  two  parallel  path. 
Combining  them  gives  ta  +  tb  .  Between  e2  and  e4  there 
is  a  path  given  by  total  gain  tctd  .  So  remove  node  e3  and 
place  gain  tctd  of  the  branch  e2e4  .  Hence  option  (A)  is 


also  but  in  closed  loop  system  change  will  be  less  correct. 
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20.  (A)  Option  (A)  is  correct.  Best  method  is  to  check  the 
signal  flow  graph.  In  block  diagram  there  is  feedback 
from  4  to  1  of  gain  -HlH2  .  The  signal  flow  graph  of 
option  (A)  has  feedback  from  4  to  1  of  gain  -H]  H2  . 

21.  (C)  Consider  the  block  diagram  as  SFG.  There  are 
two  feedback  loop  -G,  G2Ht  and  -G2G3H2  and  one 
forward  path  G4G 2G3  .  So  (D)  is  correct  option. 

22.  (B)  Consider  the  block  diagram  as  a  SFG.  Two 
forward  path  G,  G2  and  G3  and  three  loops 
-GlG2H2 ,  -  G2H1 ,  -  G3H2  . 

There  are  no  nontouching  loop.  So  (B)  is  correct. 


23.  (C)  P1  =5x  3x2  =30,  A  =  l-(3x  -3)  =10 


4 


=  1  , 


C 

R 


30 

10 


=  3 


24.  (A)  P1  =2x  3x  4=24  ,  P2  =lx5x  1=5 

4  =  —  2  ,  L2  =  —3,  L3  =  -4,  L4  =  —5, 

L1L3=  8,  A  =  1 -(-2 -3 -4 -5) +  8  =23, 

A,  =1,  A2  =  1  -(-3)  =  4, 

C  24  +  5x4_44 
P  24  213 

25.  (B)  Pj  =  GjG2  ,  P2=G3G2 

Ly  =  GG  / /  ,  /.  =  G  G  . II  ,  / >.  =  G4,  A,  =  A2  =  1 
There  are  no  nontouching  loop. 

_  4  A|  +  P2A2  _ _ GyG2  +  G2G3 _ 

1  ~(Ly  +  L2  +  L3)  1  +  G1G2H1  +  G2G3Hy  —  G4 

26.  (C)  P4  =  G4G2  ,  L4  =-G1G2H1H2  ,  L2  =G2H2 

C(s)  _  GyG2 

R{s)  1  +  G|  17  .  II  II,  —  G2H2 

27.  (B)  There  is  one  forward  path  G4G2. 

Four  loops  — G4G4 ,  —  G  G  ,GS ,  —  G4G2G5G7 
and  —G1G2G3G6G7  . 


Fig.  S6.1.27 


There  is  no  nontouching  loop.  So  (B)  is  correct. 


28.  (A)  SFG: 


P4  =  G2G5G6  ,  P2  =  G3G5G6,  p3  =  G3G6  ,  P4  =  G4G6 

If  any  path  is  deleted,  there  would  not  be  any  loop. 
Hence  A1  =  A2  =  A3  =  A4  =  1 
C  _  G4G6  +  G3G6  +  G3G5G6  +  g2g5g6 
P  A 

29.  (A) 


Fig.  S6.1.29 


P  =  — 

1  „2 


50 


50 


s2  (s  +  1) 


P,  =4  ■-^-■(-2)  = 

s 


s(s  +  1) 

-100 


2  -2  s  +  1  v  s2(s  +  l) 


4  = 


50  -2  _  -100 

s  +  1  s  s(s  +  1) 


r  1  50  .  ..  -50 

L,  =  — - s  •  (-1)  = - 

s  s  +  1  s(s  +  1) 


4  = 


50  (-2)  (-1)  =  100 


s  +  1 


.  4  100 

A  =  1  + - + 


50 


s2(s  +  1) 

100 


4  =  a2  =  i 

c_p1+p2 

R  A 


s(s  +  1)  s(s  +  1)  s2(s  +  1) 
50(s  -2) 


150s -100 


30.  (D)  P4  =  G4  G2  G3 

L1=-G1H1,  L2=-G2H2,  L3=-G3H3 

44  =  G1G3H1H3 

A  =  l-(  -GyHy  -G2H2  -  G3tf 3 )  +  GyG3HyH3 
A  =  1  +  G  |  /  /  +  G,  / 1.  +  G3H3  +  G3G3HyH3 
4=1 

C  = _ G|G2G;. _ 

P  1  +  GyH\  +  G  //  +  G3H3  +  ( i| (ill  II 
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3  Consider  the  system  shown  in  fig.  P6.2.1.  The  range 
of  K  for  the  stable  system  is 


Fig.  P6.2.1 


(A)  -1  <K  <-- 


(C)  -1<K  <1 


(B)  ~-<K  <1 

2 

(D)  Unstable 


3  The  forward  transfer  function  of  a  ufb  system  is 

G(s)=  W+1) 

(s  +  l)(s  +  2) 

The  system  is  stable  for 
(A)  K  <  - 1  (B)  K  >  -1 

(C)  K  <-2  (D)  K  > -2 


The  range  of  K  to  ensure  stability  is 


(A  )K>- 

8 

(C)  K  <-l 


(B)  K  <- 1  or  K  >- 
4 

(D)  -1  <K  <- 


3  Consider  a  ufb  system  with  forward-path  transfer 
function 


G(s)  = 


K(s  +  3) 
s4(s  +  2) 


The  system  is  stable  for  the  range  of  K 
(A)  K  >0  (B)  7C  <0 

(C)  K  >  1  (D)  Always  unstable 


3  The  open-loop  transfer  function  of  a  ufb  control 
system  is 


G(s)  = 


K(s  +  2) 

(s  +  l)(s  -  7) 


cj  The  open-loop  transfer  function  with  ufb  are  given 
below  for  different  systems.  The  unstable  system  is 


(A) 

(C) 


2 

s  +  2 
2 

s(s  +  2) 


(B) 


2 

s2(s  +  2) 


(D) 


2  (s  +  1) 
s(s  +  2) 


3  Consider  a  ufb  system  with  forward-path  transfer 
function 


G(s)  = 


K{s  +  3)(s  +  5) 
(s  -2)(s  -  4) 


For  K  >  6,  the  stability  characteristic  of  the 
open-loop  and  closed-loop  configurations  of  the  system 
are  respectively 

(A)  stable  and  unstable 

(B)  stable  and  stable 

(C)  unstable  and  stable 

(D)  unstable  and  unstable 

3  The  forward-path  transfer  function  of  a  ufb  system  is 
nt  v  K(s 2  -  4) 

G^=  2  ,  Q 
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For  the  system  to  be  stable  the  range  of  K  is 

(A)A>-1  (B)  K  <  — 

4 

(C)  -1  <K  <—  (D)  marginal  stable 

4 


3  A  ufb  system  have  the  forward-path  transfer  function 

K(s  +  6) 


G(s)=- 


s(s  +  l)(s  +  3) 


mi  The  open-loop  transfer  function  of  a  ufb  system  is 


^  _ m _ 

1 

C(s ) 

1 

y  Till 

s(s  +  l)(s  +  5) 

Fig.  P6.2.12 


G(s)  = 


K{s  +  10)(s  +  20) 
s2(s  +  2) 


The  system  is  stable  for 
(A)  K  <6  (B)  -6  <K  <0 

(C)  0  <K  <6  (D)  K  >6 

3  The  feedback  control  system  shown  in  the  fig.  P6.2.8. 


R(s>  ^  /Q\  ^ 

K(  1  +  Ts) 

C(s) 

1 

r 

s2(l+s) 

Fig.  P6.2.9 


is  stable  for  all  positive  value  of  K,  if 
(A)  T  =  0  (B)  T  <0 

(C)  T  >  1  (D)  0  <  T  <  1 


Consider  a  ufb  system  with  forward-path  transfer 
function 


G(s)  = 


K 

(s  +  15)(s  +  27)(s  +  38) 


The  system  will  oscillate  for  the  value  of  K  equal  to 
(A)  23690  (B)  2369 

(C)  144690  (D)  14469 


EH  The  forward-path  transfer  function  of  a  ufb  system  is 
K(s  -2)(s  +  4)(s  +  5) 


G(s)=- 


( s 2  +  3) 


For  system  to  be  stable,  the  range  of  K  is 


54 


(C) 


1 

54 


<K  < 


3 

40 


(B  )K<^~ 
40 

(D)  Unstable 


The  closed  loop  system  will  be  stable  if  the  value  of 

K  is 

(A)  2  (B)  3 

(C)  4  (D)  5 


Statement  for  Q.14-15: 

A  feedback  system  is  shown  in  fig.  P6. 14-15. 


EH  The  closed  loop  transfer  function  for  this  system  is 
s5  +  s4  +  2s3  +  (K  +  2)s2  +  (K  +  2)s  +  K 
s3  +  s2  +  2s +  K 

2s4  +(K  +  2)s3  +  Ks2 
s3  +  s2  +2  s  +  K 

s  +  s-  +  2s  +  K 

s5  +  s4  +  2s3  +  (K  +  2  )s2  +(K  +2)s  +  K 

.s  *  .s  +  2s  +  K 
2s4  +  (K  +  2)  s3  +  Ks2 


IP  The  poles  location  for  this  system  is  shown  in  fig. 
P6.2.15.  The  value  of  K  is 

j<0 


EH  The  closed  loop  system  shown  in  fig.  P6.2.12  become 
marginally  stable  if  the  constant  K  is  chosen  to  be 
(A)  30  (B)  -30 

(C)  10  (D)  -10 


(A)  4 
(C)  2 


Fig.  P6.2.15 

(B)  -4 
(D)  -2 


Page 

336 


www.gatehelp.com 


UNIT  6 


GATE  EC  BY  RK  Kanodia 


Control  &  System 


(A)  stable  (B)  unstable 

(C)  marginally  stable 

(D)  More  information  is  required. 

P71  The  forward  path  transfer  of  ufb  system  is 

1 


G(s)  =- 


4 s2(s2  +  1) 

The  system  is 

(A)  stable  (B)  unstable 

(C)  marginally  stable 

(D)  More  information  is  required 

The  forward-path  transfer  function  of  a  ufb  system  is 

ni  \  G(s) 

G(s)  =  „  , _  , - s — — 

2s4  +  5s3  +  s2  +  2s 

The  system  is 

(A)  stable  (B)  unstable 

(C)  marginally  stable 

(D)  more  information  is  required. 

The  open  loop  transfer  function  of  a  system  is  as 
K(s  +  0.1) 


G(s)H(s)  = 


s(s  -02)(s2  +  s  +  0.6) 


The  range  of  K  for  stable  system  will  be 
(A)  K  > 0.355  (B)  0.149  <K  < 0.355 

(C)  0.236  <K  < 0.44  (D)  K  > 0.44 

ETil  The  open-loop  transfer  function  of  a  ufb  control 
system  is  given  by 

K 


G(s)  = 


s(sT [  +  1  )(sT2  +  1) 


For  the  system  to  be  stable  the  range  of  K  is 


(A)  0  <K  < 
(C)0  <K<TfT2 


1  1 

- h  - 

T  T 


(B)  K  > 

(D)  K  >  TfT2 


T  T 

-1! 


5TI  The  closed  loop  transfer  function  of  a  system  is 
-3  t-  4s2  +  8s  +  16 


T(s)  = 


3s4  +  5s2  +  s  +  3 


The  number  of  poles  in  right  half-plane  and  in  left 
half-plane  are 

(A)  3,  2  (B)  2,  3 

(C)  1,  4  (D)  4,  1 


The  closed  loop  transfer  function  of  a  system  is 

rp,  s  _  _ (s  +  8)(s  +  6) _ 

S  ~  s5-s4  +  4s3-4s2  +  3s-2 

The  number  of  poles  in  RHP  and  in  LHP  are 
(A)  4,  1  (B)  1,  4 

(C)  3,  2  (D)  2,  3 

5^1  The  closed  loop  transfer  function  of  a  system  is 
s3  +  3s2  +  7s  +  24 


T(s)  = 


s  -2s4  +  3s3 -6s2  +  2s  -  4 

The  number  of  poles  in  LHP,  in  RHP,  and  on  j co 
axis  are 

(A)  2,  1,  2  (B)  0,  1,  4 

(C)  1,  0,  4  (D)  1,  2,  2 

§A;j  For  the  system  shown  in  fig.  P6.2.34.  the  number 
of  poles  on  RHP,  LHP,  and  imaginary  axis  are 


R(s) 


507 


s4  +  3s3+10s2  +  30s  +  169 


C(s) 


(A)  2,  3,  0 
(C)  2,  1,  2 


Fig.  P6.2.34 

(B)  3,  2,  0 
(D)  1,  2,  2 


A  Routh  table  is  shown  in  fig.  P6.2.36.  The  location 
of  pole  on  RHP,  LHP  and  imaginary  axis  are 


-1 


(A)  1,  2,  4 
(C)  1,  0,  6 


Fig.  P6.2.35 

(B)  1,  6,  0 

(D)  None  of  the  above 


For  the  open  loop  system  of  fig.  P6.2.35  location  of 
poles  on  RHP,  LHP,  and  an  jcoaxis  are 


R(s) 

-8 

C(s) 

s6  +  s5-6s4+s2  +  s  -  6 

(A)  3,  3,  0 
(C)  1,  1,  4 


Fig.  P6.2.35 

(B)  1,  3,  2 

(D)  3,  1,  2 
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11.  (C)  Tis)  = 


G{s ) 


1  +  Gis ) 

#(s  -2)(s  +  4)(s  +  5) 


Ks3  +  (7#  +  l)s2  +  2#s  +  (3  -  40  K) 
Routh  table  is  as  shown  in  fig.  S.6.211 


s3 

# 

2# 

s2 

7#  +  1 

3-40# 

54  K2-K 

1K  +  1 

s° 

3-40# 

Fig.  S. 6.2. 11 


K  >0, 

IK  +  1>0 


54 #2  -K 
IK  +  1 

3-40#  >0 


>0 


#>-A 

7 

54 


K  < 


40 


1  if  3 

—  <  K  <  — 
54  40 


12.  (A)  T{s)  =  - 


s~  +  6s2  +  5s  +  K 
Routh  table  is  as  shown  in  fig.  S.6.212 


s3 

1 

5 

s2 

6 

# 

s 1 

CO 

o 

1 

s° 

# 

Fig.  S. 6.2. 12 


13.  (D)  Tis )  = 


K(s  +  10)(s  +  20) 


-  (K  +  2)sz  +  30  Ks  +  200 K 
Routh  table  is  as  shown  in  fig.  S.6.2.13 


s3 

1 

30# 

s 2 

#  +2 

200# 

s1 

30#2  -140# 

s° 

200# 

Fig.  S.6.2.13 

200#  >0  h>  #>0,  30#2  - 140#  >0 

14 

=>  #  >  — ,  5  satisfy  this  condition. 


K  2 

14.  (B)  First  combine  the  parallel  loop  —  and  —  giving 


K  2 

—  +  — .  Then  apply  feedback  formula  with  |  +  —  |  and 


(s  +  l) 


T(s)  =- 


,  and  then  multiply  with  s2 


#  2 


2s4  +  (#  +  2)s3  +  Ks2 


s  +  1 1  s 


K  2 


15.  (C)  Denominator  =  s3  +  s2  +  2s  +  # 
Routh  table  is  as  shown  in  fig.  S.6.2.15 


s3 

1 

5 

s2 

1 

# 

s1 

2  -# 

s° 

# 

Fig.  S.6.2.15 

Row  of  zeros  when  #  =2, 
s2+2=0,  =>  s  =  —  1,  jV2,  -  j-J‘. 2 


16.  (D)  Applying  the  feedback  formula  on  the  inner  loop 
and  multiplying  by  #  yield 


G(s )  = 


# 


s(s  +  5s  +  7) 


T(s)  = 


K 

s3  +  5s2  +7s  +  # 


17.  (B)  Routh  table  is  as  shown  in  fig.  S.6.2.17 


s3 

1 

7 

s2 

5 

# 

s1 

35-K 

5 

s° 

# 

Fig.  S.6.2.17 

qk  _  ir 

#>  0,  >0  =>  #<35 


18.  (C)  At  #  =  35  system  will  oscillate. 
Auxiliary  equation  5s2  +  35  =0,  =>  s  =  +  j-41 


19.  (B)  For  inner  loop 

Gl(s)=  K 


K 


(s  -  a)(s  +  3 a)(s  +  4a)  Pis)’ 

K 


Tt(s)  = 


# 


Pis )  +  # 


For  outer  loop,  G0(s)  =  Tis)  = 


Pis)  +  # 
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Us)  = 


K 


Pis)  +  2 K  ’ 


Therefore  if  inner  loop  is  stable  for  X  <K  <Y,  then 
outer  loop  will  be  stable  for  X  <  2  K  <  Y 

X  „  Y 

=>  —  <  K  <  —  . 

2  2 


20.  (D)  Tis)  = 


K(s  +  2) 


s*  +  3s3  -  3s2  +  (K  +  3)s  +  (2 K  -  4) 
Routh  table  is  as  shown  in  fig.  S.6.2.20 


Fig.  S.6.2.20 

—  +  12)  >0  =>  K  <-12,  2K  -  4  >0 
3 

=>  K  >2  and  K  >-33,  These  condition  can  not  be  met 
simultaneously.  System  is  unstable  for  any  value  of  K 


21.  (D)  Routh  table  is  as  shown  in  fig.  S.6.2.21 


s4 

1 

1 

1 

s 3 

K 

1 

s2 

K- 1 

K 

1 

s1 

K-l-K2 

K- 1 

s° 

1 

Fig.  S.6.2.21 

K>  0,  K- 1>0  =>  K>  1,  K  ~1~R2  >o 

K- 1 


But  for  K  >  1  third  term  is  always  -ive.  Thus  the  three 
condition  cannot  be  fulfilled  simultaneously. 


2K-1 


>0 


18K  -109 
2if  -1 


>0 


K 

K 


1 

>  — 

2 

109 

> - 


18  J 


K 


109 

18 


23.  (B)  Characteristic  equation 

s4  +9s3+20s2  +Ks  +  K  =0 

Routh  table  is  as  shown  in  fig.  S.6.2.23 


s4 

1 

20 

K 

s3 

9 

K 

s2 

180 -if 

9 

K 

s1 

if  (if-  99) 
if -180 

s° 

K 

Fig.  S.6.2.23 

For  stability  0  <K  <99 


24.  (C)  Tis)  =  — - ¥ - Kis  +  2) - 

s4  +  3s2  -  3s2  +  iK  +  3)s  +  (2 K  -  4) 


Routh  table  is  as  shown  in  fig.  S.6.2.24 


s4 

1 

-3 

2K  -  4 

s3 

3 

K  +  3 

s2 

-if +12 

3 

2K  -4 

s1 

if  (if  +  33) 
if +12 

s° 

2K  -4 

Fig.  S.6.2.24 

For  K  <-33,  1  sign  change 
For  -33  <K  <-12,  1  sign  change 
For  -12  <K  <0,  1  sign  change 
For  0  <K  <2,  3  sign  change 

For  K  >2,  2  sign  change 

Therefore  K  >2  yield  two  RHP  pole. 


22.  (D)  Routh  table  is  as  shown  in  fig.  S.6.2.22 


25.  (B)  Routh  table  is  as  shown  in  fig.  S.6.2.25 


s4 

1 

4  +K 

25 

s3 

2 

9 

s2 

2if -1 

2 

25 

s1 

18if-109 

2if-l 

s° 

25 

Fig.  S.6.2.22  Fig.  S.6.2.25 
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li  Pis') 

P(s)  =  3s2  +  15, - —  =  6s,  No  sign  change  from  s2  to  s° 

ds 

on  joy  axis  2  roots,  RHP  0,  LHP  2. 

26.  (B)  Closed-loop  transfer  function  is 

T{c)_  G(s)  = _ 240 _ 

1  +  G(s)  s4  +  10  s3  +  35  s2  +  50s  +  264 

Routh  table  is  as  shown  in  fig.  S.6.2.26 


s4 

1 

35 

264 

s 3 

10 

50 

s2 

30 

264 

s1 

-386 

ROZ 

s° 

264 

2  RHP  poles  so  unstable. 

29.  (B)  The  characteristic  equation  is  1  +  G(s)His)  =0 
=>  sis  -  02)(s2  +  s  +  0.6)  +  Kis  +  0.1)  =  0 

s4  +  0.8  s3  +  0.4s2  +  (K  -0.12)s  +  0.1K  =0 
Routh  table  is  as  shown  in  fig.  S.6.2.29 


s4 

2 

0.4 

1 

s3 

0.8 

K  -0.12 

s2 

0.55  -  125K 

0.1  K 

s 1 

1.25K2+  0.63X- 0.066 

0.55-1.25 K 

s° 

01K 

Fig.  S.6.2.29 


Fig.  S.6.2.26 

Two  sign  change.  RHP-2  poles.  System  is  not  stable. 

27.  (C)  Closed  loop  transfer  function 

T(s)  =  = _ \ _ 

1  +  G(s)  4s4  +  4s2  +  1 

Routh  table  is  as  shown  in  fig.  S.6.2.27 


s4 

4 

4 

1 

s3 

16 

8 

ROZ 

s2 

2 

1 

s1 

46 

ROZ 

s° 

1 

Fig.  S.6.2.27 

Pis)  =  4s4  +  4s  +  1,  — ^  =16s3  +  3s 

ds 


There  is  no  sign  change.  So  all  pole  are  on  yco-axis.  So 
system  is  marginally  stable. 


28.  (B)  Closed  loop  transfer  function 
Tis)  =  -  G(s)  1 


1  +  Gis)  2s4  +5s3  +  s2  +2s  +  1 
Routh  table  is  as  shown  in  fig.  S.6.2.28 


s4 

2 

1 

1 

s 3 

5 

2 

s2 

1 

5 

1 

s1 

-23 

s° 

1 

K>  0,  0.55  -  125K  >0  =>  K  <0.44 

-125K2  +0.63K  -0.066  >0 

(. K -0.149XA  -0.355)  <0,  0.149  <  K  <  0.355 

30.  (A)  Characteristic  equation 

sisTt  +  1  )isT2  +  1)  +  K  =0 

T1T2s3+(T1+T2)s2+s  +  K=0 

Routh  table  is  as  shown  in  fig.  S.6.2.30 


s3 

TX 

1 

s2 

t,  +  t2 

K 

s1 

(r1+r2)-r1r2K 
t1  +  t2 

s° 

K 

Fig.  S.6.2.30 

K> 0,  (T1  +  T2)-T1T2K> 0  =>  0<A<^  +  ^j 

31.  (B)  Routh  table  is  as  shown  in  fig.  S.6.2.31 


s5 

1 

5 

1 

s4 

3 

4 

3 

s 3 

3.67 

0 

s2 

4 

3 

s1 

-2.75 

3 

Fig.  S.6.2.28  In  RHP  -2  poles.  In  LHP  -3  poles. 
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32.  (C)  Routh  table  is  as  shown  in  fig.  S.6.2.32 


+ 

- 

s5 

1 

4 

3 

+ 

+ 

s4 

-1 

-4 

-2 

+ 

s3 

8 

1 

+ 

— 

s2 

l-4e 

e 

-2 

+ 

+ 

s1 

2e2+1-4e 

l-4e 

- 

- 

s° 

-2 

Fig.  S.6.2.32 

3  RHP,  2  LHP  poles. 


33.  (B)  Routh  table  is  as  shown  in  fig.  S.6.2.33 


s5 

1 

3 

2 

s4 

-2 

-6 

-4 

s3 

-2 

-3 

ROZ 

s2 

-3 

-4 

1 

s 

3 

s° 

-4 

Fig.  S.6.2.33 

P(s)=-2s4 -6s2,  ^^  =  -8s3-12s  ,  -2,  -3 
ds 


No  sign  change  exist  from  the  s4  row  down  to  the  s°  row. 
Thus,  the  even  polynomial  does  not  have  RHP  poles.  Therefore 
because  of  symmetry  all  four  poles  must  be  on  jco-axis. 
j CD- axis  4  pole 

RHP  1  pole  (1  sign  change) 

LHP  0  pole 


34.  (D)  Closed  loop  transfer  function 
G(s) 


Tis)  =- 


1  +  Gis)  +  H(s) 


507 s 


s5  +  3s4  +  10s3  +  30s2  +  169s  +  507 
Routh  table  is  as  shown  in  fig.  S.6.2.34 


s5 

1 

10 

69 

s4 

3 

30 

57 

s3 

12 

60 

ROZ 

s2 

15 

507 

s1 

-345.6 

s° 

507 

Pis)  =  3s4  +  30s2  +  507,  =  12s3  +  60 

ds 

From  s4  row  down  to  s°  there  is  one  sign  change.  So 
LHP-1  +  1=2  pole.  RHP-1  pole,  y  co-axis  -2  pole. 

35.  (A)  Notice  that  in  s5  row  there  would  be  zero.  In  this 
row  coefficient  of  AALlI,  where  Pis)  =s6  +  2s4  -s2  -2 
have  been  entered.  From  s6  to  row  down  to  the  s°  row, 
there  is  one  sign  change.  So  there  is  one  pole  on  RHP. 
Corresponding  to  this  pole  there  is  a  pole  on  LHP. 
Corresponding  to  this  pole  there  is  a  pole  on  LHP.  Rest 
4  out  of  6  poles  are  on  imaginary  axis.  Rest  1  pole  is  on 
LHP. 

36.  (A)  Routh  table  is  as  shown  in  fig.  S.6.2.36 

E  +  - 

+  + 

+  + 


+ 


Fig.  S.6.2.36 

Pis)  =  -  6s4  -  6,  ^M=-24s3, 

ds 

There  is  two  sign  change  from  the  s4  row  down  to  the  s° 
row.  So  two  roots  are  on  RHS.  Because  of  symmetry  rest 
two  roots  must  be  in  LHP.  From  s6  to  s4  there  is  1  sign 
change  so  1  on  RHP  and  1  on  LHP. 

Total  LHP  3  root,  RHP  3  root. 


Fig.  S.6.2.33 
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3  A  system  is  shown  in  fig.  P6.3.8.  The  rise  time  and 
settling  time  for  this  system  is 


R(s) 


CM 


(A)  0.22s,  0.4s 
(C)  0.12s,  0.4s 


Fig.  P6.3.8 

(B)  0.4s,  0.22s 
(D)  0.4s,  0.12s 


3  For  a  second  order  system  settling  time  is  Ts  =  7  s  and 
peak  time  is  T  =  3  s.  The  location  of  poles  are 

(A)  -0.97  ±  70.69  (B)  -0.69  ±  j'0.97 

(C)  -1.047  ±  70.571  (D)  -0.571  ±  yl.047 

S3  For  a  second  order  system  overshoot  =10%  and 
peak  time  Tp  =5  s.  The  location  of  poles  are 

(A)  -0.46  ±  70.63  (B)  -0.63  ±  y0.46 

(C)  -0.74  ±  y0.92  (D)  -0.92  ±  y0.74 

m  For  a  second-order  system  overshoot  =12  %  and 
settling  time  =0.6  s.  The  location  of  poles  are 
(A)  -9.88  ±  76.67  (B)  -6.67  ±  79.88 

(C)  -4.38  ±  76.46  (D)  -6.46  ±  y4.38 

Statement  for  Q.12-13: 

A  system  has  a  damping  ratio  of  1.25,  a  natural 
frequency  of  200  rad/s  and  DC  gain  of  1. 

fP  The  response  of  the  system  to  a  unit  step  input  is 


(A)  l  +  -e-50t--e-1501 
3  3 

1  A 

(C)  1  +  —  e“ 

3 


IHi  The  system  is 
(A)  overdamped 
(C)  critically  damped 


(B)  1  -  — e~100t 
3 


(D)  1  +  -  e“50‘  -  -  e"150f 
3  3 


(B)  under  damped 
(D)  None  of  the  above 


m  Consider  the  following  system 
5 


a.  T(s)  = 

b.  T(s)  = 

c.  T(s)  = 


(s  +  3)(s  +  6) 

10(s  +  7) 

(s  +  10)(s  +  20) 

20 

s2  +  6s  +  144 


d.  T(s)  = 

e.  T(s )  = 


s2  +9 

(s  +  5) 
(s  +  10)2 


Consider  the  following  response 
1.  Overdamped  2.  Under  damped 

3.  Undamped 

The  correct  match  is 


4.  Critically  damped. 


(A) 

(B) 

(C) 

(D) 


1 

a 

b 

c 

c 


2 

c 

a 

a 

b 


3 

d 

d 

e 

e 


4 

e 

e 

d 

d 


The  forward-path  transfer  of  a  ufb  control  system  is 

G(s )  = - — - 

(1  +  O.lsXl  +  10s) 

The  step,  ramp,  and  parabolic  error  constants  are 

(A)  0,  1000,  0  (B)  1000,  0,  0 

(C)  0,  0,  0  (D)  0,  0,  1000 

The  open-loop  transfer  function  of  a  ufb  control 
system  is 

K(1  +  2s)(l  +  4s) 


G(s)  = 


s2(s2  +2s  +  8) 


The  position,  velocity  and  acceleration  error 
constants  are  respectively 


(A)  0, 

* 

o' 

(B)  00 , 

K 

8~ 

,  0 

(C)  0, 

4  K  ,  CO 

(D)  00, 

00, 

K 

8~ 

The  open-loop  transfer  function  of  a  unit  feedback 
system  is 

50 


G(s)  = 


(1  +  O.lsXl  +  2s) 


The  position,  velocity  and  acceleration  error 
constants  are  respectively 
(A)  0,  0,  250  (B)  50,  0,  0 

(C)  0,  250,  00  (D)  00,  50,  0 
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Statement  for  Q.18-19: 

The  forward-path  transfer  function  of  a  unity 
feedback  system  is 


sn(s  +  a) 

The  system  has  10%  overshoot  and  velocity  error 
constant  Kv  =  100. 

[0  The  value  of  K  is 

(A)  237  x  103  (B)  144 

(C)  14.4  x  103  (D)  237 

S3  The  value  of  a  is 

(A)  23.7  x  103  (B)  237 

(C)  14.4  x  103  (D)  144 


ms) 


r  d\/\  r 

1 

100 

C(s) 

►1^  - 

(s  +  5) 

i- 

s(s  +  2) 

(A) 

(C) 


49 

11 

63 

11 


Fig.  P6.3.22 


(B) 

(D) 


49 

11 

63 

11 


^3  The  forward  path  transfer  function  of  a  ufb  system 
is 


G{s)  = 


K 

s(s  +  4)(s  +  8)(s  +  10) 


ETil  For  the  system  shown  in  fig.  P6.3.20  the  steady 
state  error  component  due  to  unit  step  disturbance  is 
0.000012  and  steady  state  error  component  due  to  unit 
ramp  input  is  0.003.  The  values  of  K1  and  K2  are 
respectively 


ms) 


K^s  +  2) 

*2 

C(s) 

(s  +  3) 

- 

s(s  +  4) 

Fig.  P6.3.20 

(A)  16.4,  1684  (B)  1250,  2.4 

(C)  125  x  103,  0.016  (D)  463,  3981 


If  a  unit  ramp  is  applied,  the  minimum  possible 
steady-state  error  is 
(A)  0.16  (B)  6.25 

(C)  0.14  (D)  7.25 

m  The  forward-path  transfer  function  of  a  ufb  system 
is 

,  1000(s2  +  4s  +  20)(s2  +  20s  +  15) 

s3(s  +  2)(s  +  10) 

The  system  has  r(t)  =t3  applied  to  its  input.  The 
steady  state  error  is 
(A)  4  x  10  ”4  (B)  0 

(C)  oo  (D)  2  x  10'5 


The  transfer  function  for  a  single  loop  nonunity 
feedback  control  system  is 


(A) 

(C) 


G(s)  = 


1  ,  H(s)=  1 


s  +  s  +  2 


(s  +  1) 


The  steady  state  error  due  to  unit  step  input  is 


6 

7 

2 

3 


<BI  5 
(D)  0 


^3  For  the  system  of  fig.  P6.3.22  the  total  steady  state 
error  due  to  a  unit  step  input  and  a  unit  step 
disturbance  is 


The  transfer  function  of  a  ufb  system  is 
105(s  +  3)(s  +  10)(s  +  20) 


G{s)  = 


s{s  +  25)(s  +  a)(s  +  30) 


The  value  of  a  to  yield  velocity  error  constant 
Kv  =  10 4  is 

(A)  4  (B)  0 

(C)  8  (D)  16 


ETS1  A  system  has  position  error  constant  Kp  =  3.  The 
steady  state  error  for  input  of  8 tu(t)  is 
(A)  2.67  (B)  2 

(C)  oo  (D)  0 
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^tk  The  forward  path  transfer  function  of  a  unity 
feedback  system  is 


G(s)  = 


1000 _ 

(s  +  20)(s2  +  4s  +  10) 


For  input  of  60  u(t)  steady  state  error  is 
(A)  0  (B)  300 

(C)  oo  (D)  10 


If  the  system  is  subjected  to  an  input 
r(t)  =1  + t  +  \t2 ,  t> 0  the  steady  state  error  of  the 
system  will  be 

(A)  0  (B)  0.1 

(C)  10  (D)  oo 

The  system  shown  in  fig.  P6.3.32  has  steady-state 
error  0.1  to  unit  step  input.  The  value  of  K  is 


^51  For  ufb  system  shown  in  fig.  P6.3.28  the  transfer 
function  is 


Ms)  _  /Q\£(s)  _ 

G(s) 

C(s) 

1 

r 

Fig.  P6.3.28 


G{s)  = 


20  (s  +  3)(s  +  4)(s  +  8) 
s2(s  +  2)(s  +  15) 


If  input  is  30 12,  then  steady  state  error  is 
(A)  0.9375  (B)  0 

(C)  oo  (D)  64 


The  forward-path  transfer  function  of  a  ufb  control 
system  is 


G(s)  = 


450(s  +  8)(s  +  12)(s  +  15) 
s(s  +  38)(s2  +2s  +  28) 


The  steady  state  errors  for  the  test  input  37 tu(t)  is 
(A)  0  (B)  0.061 

(C)  oo  (D)  609 

5Til  In  the  system  shown  in  fig.  P6.3.30,  r(t)  =  1  +  2t, 
t  >  0.  The  steady  state  error  e( t)  is  equal  to 


r(t)  ^ 

10(s  + 1) 
s2(s  +  2) 

eft) 

V2 

r 

Fig.  P6.3.30 

(B)  5 

(C)  0 

(D)  00 

B(s>  ~ 

K 

C(s) 

1 

(s  +  IXO.ls  + 1) 

Fig.  P6.3.32 


(A)  0.1  (B)  0.9 

(C)  1.0  (D)  9.0 


Statement  for  Q.33-34: 

Block  diagram  of  a  position  control  system  is 
shown  in  fig.P6.3.33-34. 


Fig.  P6.3.33-34 


If'  Kf  =  0  and  Ka  =  5,  then  the  steady  state  error  to 
unit  ramp  input  is 
(A)  5  (B)  0.2 

(C)  oo  (D)  0 


^3  If  the  damping  ratio  of  the  system  is  increased  to 

0.7  without  affecting  the  steady  state  error,  then  the 

value  of  Ka  and  Kt  are 

(A)  86,  12.8  (B)  49,  9.3 

(C)  24.5,  3.9  (D)  43,  6.4 

A  system  has  the  following  transfer  function 

,  100(s  +  15)(s  +  50) 

G-(s)  =  — , - - 

s4(s  +  12)(s2  +  3s  +  10) 


5TI  A  ufb  control  system  has  a  forward  path  transfer 
function 


G(s)  = 


10(1  +  4s) 
s2(l  +  s) 


The  type  and  order  of  the  system  are  respectively 
(A)  7  and  5  (B)  4  and  5 

(C)  4  and  7  (D)  7  and  4 
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1.  (D)  Characteristic  equation  is  s2  +  9s  +  18. 
=  18,  2E,con  =9 

Therefore  =  1.06,  ®n  =  4.24  rad/s 


2.  (A)  T(s)  =- 


0.6 


6  (s  +  0.8)2  +  (0.6)2 

ran =0.6  ,  =0.8 

Hence  ®„  =1,  ^  =  0.8 


3.  (A)  Characteristic  equation  is 

As  =  |s  -(-3  +  j'4)Hs  -(-3  -  j'4)l  =  (s  +  3)2  +  42. 

=  s2  +  6s  +  25,  ro2  =25  =>  ran  =5  rad/s 

2^=6’  ^  =  2^=0-6 


8,  (A)  C(s)  =  - 


10 


s(s  +  10)  s  s  +  10 
c(*)=l-e-10t 
a  =  10, 


o  2  22 

Rise  time  T  =  —  =  —  =  022s 
a  10 


Settling  time  Ts=  —  =0.4s 
a 


9.  (D)  fya „  =  ^  =0.571,  =  *  =  1.047 


Poles  =-0.571 +jl.047 


10.  (A)  0.1  =e^  =>  c,  =  0.59 

=  +^1+^  =0.779, 

±P 

Poles  =  -i;®n  +  j($n  y]l  -  i;2  =-0.46  +  j'0.63 


4.  (A)  T(s)  = 


16 


(4s2  +  8s +  16)  (s  +  2s  +  4) 


®2=4  =>  co„  =2  ,  2E,wn  =2,  ^  =  0.5 


5.  (D)  M  =e  =— ^—  =0.05, 

p  100 


T(s)  = 


=  3 


^  =  0.69, 
K 


1  +  G(s)  s  +  2s  +  # 


2^  =2, 

Peak  time, 


rp  _  ^  _ 

P  _  _ 


0.69 


=  1.45 


®reA/  -i;2  1.45-y/(l  -0.692) 


=  3  sec 


But  the  peak  time  T;i  given  is  1  sec.  Hence  these  two 
specification  cannot  be  met. 


6.  (C)  T(s)  =- 


-  (K.z  +  s)  +  K,  ’ 


11.  (B)  0.12  =e  =>  ^  =  0.56,  ra„  =-^-  =  11.92 

Therefore  Poles  =-£,«„  ±  j(on  yjl  -  ^2  =-6.67  ±  j'9.88 

Note  : 

32 

T,  =— ,  For  0  <  £  <  0.69 
Ts  =— ,  For  £,  >0.69 


12.  (B)  JXs)=- 


40000 


s  +  2£,rans  +  ®2  s  +  500s  +  40000 


40000 


(s  +  lOOXs  +  400) 
40000 


R(s )  = 


s(s  +  100)(s  +  400)  s  3 (s  +  100)  3(s  +  400) 


r(£)  =  1  -  —  e"1001  +  —  e"400t 
3  3 


13.  (A)  System  has  two  different  poles  on  negative  real 
axis.  So  response  is  over  damped. 


«>l=K  i,  2^ro„=l  +  K2 

cod  =0.10,  £,  =  0.6,  c od  =  ro„  V 1  -0.62  =10 

ra„  =  12.5  =>  K,  =  15625, 

2  con  3  —  K  2+1 

2  x  12.5x0.6  =K2  +  1  =>  #2=14 

7.  (A )Mp=e^\  At  ^  =  0,  Mp  =1  =  100% 


14.  (A)  1.  Overdamped  response  (a,  b) 

Poles  :  Two  real  and  different  on  negative  real  axis. 

2.  Underdamped  response  (c) 

Poles  :  Two  complex  in  left  half  plane 

3.  Undamped  response  (d) 

Poles  :  Two  imaginary. 

4.  Critically  damped  (e) 

Poles  :  Two  real  and  same  on  negative  real  axis. 
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15.  (B)  if  =lim  G  is)  =  1000 

p  s->0 

if  =lim  sGis)  =0 

"  s->0 

if  =  lim  s2G(s)  =0 

s->0 


16.  (D)  H  is)  =  1,  if  =  lim  G(s)  ■  His )  =  oo 


if  =  lim  sG(s)  ■  H(s)=oo 


if 


if  =  lim  s2Gis)-His)  = 

*-> o  8 


ess  =  lim  s-E(s)  =  lim 
ss  s->°  •-*>  1  +  G  (s) 

i?(s)  =  4,  G(s)  =  +  2) 

s  s(s  +  3  )(s  +  4) 

1  6 

e„„  =  lim 


KJC2{s  +  2)  K  .if, 
(s  +  3)(s  +  4) 


125  x  10 3  if. 


=  0.003 


if ,  =0.016 


17.  (B)  if(s)  =  1,  if  =  lim  G(s)  •  ff(s)  =  50 

^  s->  0 

if  =  lim  sG(s)  •  His )  =0 

s->0 

if„  =  lim  s2G(s)  •  ii(s)  =0. 


18.  (C)  System  type  =1,  so  n  =  1 

if  =  lim  sG(  s)  =—  =  100 

s^°  a 

For  10%  overshoot, 

5* 


0.1  =  =  e 

G(s) 


T(s)=- 


^  =  0.6 
if 


1  +  G  (s)  s2  +  as  +  if 
2£,co„=a,  co2  =if  =>  2x0.6  4K  =a 

:>  if  =  14400 


if 


—  x0.6a/Z  =  100 
2 


19.  (D)  —  =  100,  if  =14400, 
a 


14400 


=  100 


a  =144 


20.  (C)  If  it!  (s)  =0 
if. 


ii(s)  -  - 


s(s  +  4) 


ifjif2(s  +  2) 


1  + 


s(s  +  4)(s  +  3) 
if2(s  +  3) 


sis  +  3)(s  +  4)  +  ifjif^s  +  2) 

Error  in  output  due  to  disturbance 
Eis)  =  TDis)D  is), 


If  Dis)=-  , 
s 


essD  =  lim  sEis)  =  lim  s  —  TDis)  =  lim  T^(s) 

s— » 0  s— >0  g  s— >0 


=  0.000012  =>  ifj  =  125  x  103 


3 

'2ifj 


2  if, 

Error  due  to  ramp  input 


21.  (C)  Eis)  =  R(s)  -  Cis)His) 

Ris)Gis)His)  Ris) 


=  Ris)  - 


1  +  Gis)His)  1  +  Gis)H(s) 


=  lim  sEis)  =  lim 

s— »0  s-»0 


2 

3 


(s  +  s  +  2)  (s  +  1) 


00  ...  ,.  sRis)  - sDis)G2is) 

22.  (A)  e„  =  lim - - — 

ss  —  1  +  G1(s)G2(s) 


where  Gj(s)  = 


i?(s)  =Dis)  =  — 
s 


s  +  5 


and  G,(s)  = 


100 

s  +  2 


1- 


100 


-49 


.1  100  ll 

1  H - x  - 

5  2 


23.  (A)  Using  Routh-Hurwitz  Criterion,  system  is  stable 
for  0  <  if  <  2000 

maximum  if,  ,=limsG(s)  =  — — _  g  25 

s->°  4  x  8  x  10 

minimum  possible  error  —  =  —  =0.16 

if,.  625 


24.  (A)  R(s)=4,  Eis)  = 


Ris) 

1  +  G  is) 


ess  =  lim  sEis) 

ss  s-> 0 


=  lim- 

s— >0 


6s 

4 


1000  (s2  +  4s  +  20)  (s2  +  20s  +  15) 


s3(s  +  2)(s  +  10) 


=  lim 

s— >0 


1000  (s2  +  4s  +  20)  (s2  +  20s  +  15) 
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25.  (A)  if  =  lim  sG(s) 

s->0 


104  = 


25  x  a  x  30 


a  =  4 


26.  (C)  System  is  zero  type  if„  =0,  ess  = —  =  oo 

if,, 


27.  (D)  if  =  lim  G(s)=  5 


For  input  Q0u(t),  ess  = 


60 


1  +  if„ 


=  10 


28.  (A)  Ka  =lim  s2G(s)  =  64 

H 0 

ess  =  =0.9375 

ss  64 


29.  (B)  if  =  lim sG(s)  =  609.02 

s->0 


37 

e  =  —  =0.0607 
ss  if,, 


30.  (C)  The  system  is  type  2.  Thus  to  step  and  ramp 
input  error  will  be  zero. 

G(s)R(s) 


E(s )  =  R(s )  -  C(s)  =  R(s)  - 


_  R(s) 

1  +  G  (s)  1  +  G(s) 


itts)  =  -  + 


1  2  s  +  2 


B(s)  = 


s  s  s 
s  +  2 

2  .  10(s  +  1) 


(s  +  2) 

ess(t)  =  lims£'(s)=0 

s-»0 

31.  (C)  System  is  type  2.  Therefore  error  due  to  1  + 1 


would  be  zero  and  due  to  —  would  be  — 

2  K 


if  =  lim  s  G(s)  =  10,  ess(£)  =  —  =0.1 

s^o  10 

Note  that  you  may  calculate  error  from  the  formula 

«-(*)  =  I™  sE(s)= 

s->°  1  +  G(s) 


32.  (D)  K„  =  lim  G(s)  =K 


e.,s  ( t )  = 


1  +  K„  1 +  K 


=  0.1 


K  =9. 


33.  (B)  ess  =  lim  e(t)  =  lim  sE(s)  =lim  - - 

ss  ^  1  +  G(s)H(s) 

When  K.  =  0  and  K„  =  5 


G(s)  = 


s(0.5  s  +  1) 


,  H( s)  =  l,  i?(s)=4 


e„  =  lim 

s— >0 


s(0.5s  +  1 ) 


=  -  =  02 
5 


34.  (C)  The  equivalent  open-loop  transfer  function 

Ka 

K„ 


Ge  = 

1 

T(s)  = 


s(0.5  s  + 1) 
sKt 

s(0.5  s  + 1) 
G(s) 


s(0.5  s  +  1  +  Af) 


1  +  G(s)  0.5s2  +  s(l  +  Kt)  +  Ka 
2  K 


s2  +  2s(l  +  Kt)  +  2Ka 
a,2  =2  Ka^on  =  ^Ka 


2^(»n  =2(1 +  A() 


5  =  1- 


if, 


=  0.7 


...  (i) 


,.  si?(s)  D  /  ,  1 

ess  =  lim  -  ,  R  (s)  = 

ss  •-*  1  +  G  (s)  s2 


e..  =lim 


s  1 


K„ 


s(0.5  s  +  1  +  K.) 


1  +  K, 

K„ 


l  +  K, 

K.. 


=  0.2 


...(ii) 


Solving  (i)  and  (ii) 
if  „=  24,5,  if,  =3.9 

35.  (C)  The  s  has  power  of  4  and  denominator  has  order 
of  7.  So  Type  4  and  Order  7. 

36.  (D)  For  8 u(t),  ess  = — 8 —  =2. 

l  +  ifp 

For  8 tu(t),  ess  =oo,  since  the  system  is  type  0. 

37.  (A)  For  equivalent  unit  feedback  system  the  forward 
transfer  function  is 

G(s) 


G.  = 


1  +  G(s)iT(s)  -  G(s)  1  + 
10(s  +  10) 


10(s  +10) 
s(s  +  2) 

10  (s  +  10)(s+  3) 
s(s  +2) 


11s2  +  132  s +  300 


The  system  is  of  Type  0.  Hence  step  input  will  produce  a 
constant  error  constant. 
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Statement  for  Q.l-2: 

An  under  damped  second  order  system  having  a 
transfer  function  of  the  form 

Kat 


T(s)  = 


s2  +  2^(ons  +  (s>l 


has  a  frequency  response  plot  shown  in  fig. 
P6.5.1-2. 

ir(»i 


Fig.  P6.5.1-2 

B  The  system  gain  A”  is 
(A)  1 

(C)  V2 


(B)  2 


(D) 


3  The  damping  factor  c  is  approximately 
(A)  0.6  (B)  0.2 

(C)  1.8  (D)  2.4 


3  For  the  transfer  function 


G(s)H(s)  = 


1 

s(s  +  l)(s  +  0.5) 


the  phase  cross-over  frequency  is 
(A)  0.5  rad/sec  (B)  0.707  rad/sec 

(C)  1.732  rad/sec  (D)  2  rad/sec 


The  gain-phase  plots  of  open-loop  transfer  function  of 
four  different  system  are  shown  in  fig.  P6.5.4.  The 
correct  sequence  of  the  increasing  order  of  stability  of 
these  four  system  will  be 
dB 


(C)  B,  C,  A,  D  (D)  A,  D,  B,  C 


3  The  open-loop  frequency  response  of  a  unity 
feedback  system  is  shown  in  following  table 


CO 

|G(»| 

2 

8.5 

-119° 

3 

6.4 

-128° 

4 

4.8 

-142° 

5 

2.56 

-156° 

6 

1.4 

-164° 

8 

1.00 

-172° 

10 

0.63 

-180° 
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The  gain  margin  and  phase  margin  of  the  system 
are 

(A)  2  dB,  8° 


(C)  4  dB,  8° 

Statement  for  Q.6-7: 


(B)  2  dB,  -172° 
(D)  4  dB,  -172° 


Consider  the  gain-phase  plot  shown  in  fig. 
P6.5.6-7. 

dB 


■  ZCKJta) 


3  The  gain  margin  and  phase  margin  are 
(A)  -2  dB,  40°  (B)  2  dB,  40° 

(C)  2  dB,  140°  (D)  -2  dB,  140° 

2  The  gain  crossover  and  phase  crossover  frequency  are 
respectively 

(A)  10  rad/sec,  100  rad/sec 

(B)  100  rad/sec,  10  rad/sec 

(C)  10  rad/sec,  2  rad/sec 

(D)  100  rad/sec,  2  rad/sec 

3  The  phase  margin  of  a  system  with  the  open  loop 
transfer  function 

(1-s) 


G(s)H(s)  =- 


(A)  68.3° 
(C)  0 


(1  +  s)(3  +  s) 
(B)  90° 

(D)  00 


IS 


^  Consider  a  ufb  system  having  an  open-loop  transfer 
function 

K 


G(s)  = 


s(0.2s  +  l)(0.05s  +  1) 


For  A  =1,  the  gain  margin  is  28  dB.  When  gain 
margin  is  20  dB,  K  will  be  equal  to 
(A)  2  (B)  4 

(C)  5  (D)  2.5 


0  The  gain  margin  of  the  ufb  system 

2 


G(s)  = 


is 


(A)  1.76  dB 
(C)  -3.5  dB 


(s  +  l)(s  +  2) 

(B)  3.5  dB 
(D)  -1.76  dB 


m  The  open-loop  transfer  function  of  a  system  is 

G(s)H(s)  = - - - 

s(l  +  2s)(l  +  3s) 

The  phase  crossover  frequency  is 
(A)  6  rad/sec  (B)  2.46  rad/sec 

(C)  0.41  rad/sec  (D)  3.23  rad/sec 

m  The  open-loop  transfer  function  of  a  ufb  system  is 

G(s)  =  1  +  S 

s(l  +  0.5s) 

The  corner  frequencies  are 
(A)  0  and  2  (B)  0  and  1 

(C)  0  and  -1  (D)  1  and  2 

ffil  In  the  Bode-plot  of  a  unity  feedback  control  system, 
the  value  of  magnitude  of  G(jco)  at  the  phase  crossover 
frequency  is  ’  .  The  gain  margin  is 

(A)  2 


(B)i 


(C)  - 
3 


(D)  3 


EES  In  the  Bode-plot  of  a  ufb  control  system,  the  value  of 
phase  of  Gfjco)  at  the  gain  crossover  frequency  is  -120°. 
The  phase  margin  of  the  system  is 
(A)  -120°  (B)  60° 

(C)  -60°  (D)  120° 

ff?l  The  transfer  function  of  a  system  is  given  by 

K 


G(s)  = 


s(sT  +  1) 


A<1 

T 


The  Bode  plot  of  this  function  is 
dB  dB 


0  dB 


-40  dB/dec 


0. 1 
T 


(B) 
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fTl  The  asymptotic  approximation  of  the  log-magnitude 
versus  frequency  plot  of  a  certain  system  is  shown  in 
fig.  P6.5.16.  Its  transfer  function  is 
dB 


Fig.  P6.5.16 

50(s  +  5)  ,g.  20(s  +  5) 

s2(s  +  2)(s  +  25)  s2(s  +  2)(s  +  25) 

(C  10s2(s  +  5)  D  20(s  +  5) 

(s  +  2)(s  +  25)  s(s  +  2)(s  +  25) 


EEZ  For  the  Bode  plot  shown  in  fig.  P6.5.17  the  transfer 
function  is 

dB 


(A) 

(C) 


100s 

(s  +  4)(s  +  10)2 
100 

(s  +  4)(s  +  10) 


Fig.  P6.5.17 

(B) 

(D) 


100(s  +  4) 
s(s  +  10)2 

100 

s2(s  +  4)(s  +  10) 


m  Bode  plot  of  a  stable  system  is  shown  in  the  fig. 
P6.3.18.  The  open-loop  transfer  function  of  the  ufb 
system  is 

dB 


(A) 


100 
s  +  10 


(C) 


1 

s  +  10 


(B) 


10 

s  +  10 


(D)  None  of  the  above 


IB  Consider  the  asymptotic  Bode  plot  of  a  minimum 
phase  linear  system  given  in  fig.  P6.5.19.  The  transfer 
function  is 
dB 


Fig.  P6.5.19 


8s(s  +  2) 

(B) 

4(s  +  5) 

(s  +  5)(s  +  10) 

(s  +  2)(s  +  10) 

4(s  +  2) 

(D) 

8s(s  +  5) 

s(s  +  5  )(s  +  10) 

(s  +  2)(s  +  10) 

S3  The  Bode  plot  shown  in  fig.  P6.5.20  represent 


...  100s2 

A  (1  +  0.1s)3 

(B) 

100,- 
(1  +  0.1s)5 

(D) 

1000s2 
(1  +  0.1s)3 

1000s2 
(1  +  0.1s)5 


Statement  for  Q.21-22: 

The  Bode  plot  of  the  transfer  function  K/(  1  +  sT)  is 
given  in  the  fig.  P6. 5. 21-22. 
dB  Phase 


Fig.  P6.5.21-22 
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Statement  for  Q.29-30: 

Consider  the  Bode  plot  of  a  ufb  system  shown  in 
fig.  P6.5.29-30. 


Im 


Im 


dB 


We  The  steady  state  error  corresponding  to  a  ramp 
input  is 

(A)  0.25  (B)  0.2 

(C)  0  (D)  oo 

m  The  damping  ratio  is 

(A)  0.063  (B)  0.179 

(C)  0.483  (D)  0.639 

ETI  The  Nyquist  plot  of  a  open-loop  transfer  function 
G(ja)H(jco)  of  a  system  encloses  the  (-1,  jO)  point.  The 
gain  margin  of  the  system  is 

(A)  less  than  zero  (B)  greater  than  zero 

(C)  zero  (D)  infinity 


Consider  a  ufb  system 
G(s)  = 


K 


s(l  +  sTJXl  +  sT2)(1  +  sT3) 

The  angle  of  asymptote,  which  the  Nyquist  plot 
approaches  as  ra— >0,  is 
(A)  -90°  (B)  90° 

(C)  180°  (D)  -45° 

If  the  gain  margin  of  a  certain  feedback  system  is 
given  as  20  dB,  the  Nyquist  plot  will  cross  the  negative 
real  axis  at  the  point 
(A)  s  =  -0.05  (B)  s  =-02 

(C)  s  =-0.1  (D)  s  =-0.01 

BEI  The  transfer  function  of  an  open-loop  system  is 

G{s)H(s)= - — - 

(s  +  IXs-l) 

The  Nyquist  plot  will  be  of  the  form 


:  Re 


Im 


Im 


flfil  Consider  a  ufb  system  whose  open-loop  transfer 
function  is 

K 


G(s)  = 


s(s2  +  2s  +  2) 


The  Nyquist  plot  for  this  system  is 


(A) 


(B) 


Re 


(C) 


(D) 


The  open  loop  transfer  function  of  a  system  is 

G(s)H(s)  =  K(1 3  S)2 
s3 

The  Nyquist  plot  for  this  system  is 
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(A) 


(C) 


Im 


For  the  certain  unity  feedback  system 

G(s )  = - — - 

s(s  +  l)(2s  +  l)(3s  +  1) 

The  Nyquist  plot  is 


Re 


(A) 


(B) 


Re 


(C) 


Re 


(D) 


Fig.  P6.5.38 


The  no.  of  poles  of  closed  loop  system  in  RHP  are 
(A)  0  (B)  1 

(C)  2  D)  4 


Statement  for  Q.39-40: 


The  open-loop  transfer  function  of  a  feedback 
control  system  is 


GKs)H(s)  = 


-1 

2s(l  -20s) 


5TH  The  Nyquist  plot  for  this  system  is 


(A)  (B) 


The  Nyquist  plot  of  a  system  is  shown  in  fig. 
P6.5.38.  The  open-loop  transfer  function  is 

4s +  1 


G(s)H(s)  = 


s2(s  +  l)(2s  +  1) 


Regarding  the  system  consider  the  statements 

1.  Open-loop  system  is  stable 

2.  Closed-loop  system  is  unstable 

3.  One  closed-loop  poles  is  lying  on  the  RHP 
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The  correct  statements  are 

(A)  1  and  2  (B)  1  and  3 

(C)  only  2  (D)  All 

m  The  Nyquist  plot  shown  in  the  fig.  P6.5.41  is  for 
(A)  type-0  system  (B)  type-1  system 

(C)  type-2  system  (D)  type-3  system 


Statement  for  Q.42-43: 

The  open-loop  transfer  function  of  a  feedback 
system  is 

G(s)H(s)  =  Kil  +  s) 

(1  -s) 

The  Nyquist  plot  of  this  system  is 


The  phase  crossover  and  gain  crossover  frequencies 
are 

(A)  1.414  rad/sec,  0.57  rad/sec 

(B)  1.414  rad/sec,  1.38  rad/sec 

(C)  0.707  rad/sec,  0.57  rad/sec 

(D)  0.707  rad/sec,  1.38  rad/sec 

1  r  The  gain  margin  and  phase  margin  are 
(A)  -3.52  dB,  -168.5°  (B)  -3.52  dB,  11.6° 

(C)  3.52  dB,  -168.5°  (D)  3.52  dB,  11.6° 


The  system  is  stable  for  K 
(A)  K  >  1  (B)  K  <  1 

(C)  any  value  of  K  (D)  unstable 


Statement  for  Q.44-46: 

A  unity  feedback  system  has  open-loop  transfer 
function 


G(s)  = 


1 

s(2s  +  l)(s  +  1) 
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SOLUTIONS 


1.  (A)  T(s)  =  - 


T(jw)  = 


|r(»|2 


s  +2^(ons  +  an 

Kmt 


-co  +  2  jfy on  cn  +  co2 


(co2  -co2)2  +4i;2co2co2 


From  the  fig.  P6.5.1-2,  |T(y'0)|  =  1 
\T(jO)f  =^^=K2  =1  ^  K=  1 


2.  (B)  The  peak  value  of  T(  ja)  occurs  when  the 
denominator  of  function  \T(j<xi)\2  is  minimum  i.e.  when 
co2  -  co2  =  0  =>  co  =  con 


|r(jcoJ|2 


K2 


K2 

4^2 


=  |=2-5 


At  co  =  10  rad/sec  gain  is  0  dB.  Gain  cross  over  frequency 
co  =10  rad/sec. 


8.  (D)  I  GH(  jco)  I  *  1,  for  any  value  of  ca  Thus  phase 
margin  is  oo. 


9.  (D)  For  28  dB  gain  Nyquist  plot  intersect  the  real 
axis  at  a, 

20  log- =28  =>  a  =  0.04 

a 

For  20  dB  gain  Nyquist  plot  should  intersect  at  b, 

201og-=20  =>  6=0.1. 

b 

This  is  achieved  if  the  system  gain  is  increased  by  factor 

—  =2.5.  Thus  K  =2.5. 

0.04 


10.  (B)  Here  K  =2,  Tx=  1,  T2=- 

2 


Gain  Margin  = 


r  KTt  T2  1 

-1 

"(2X0.5)" 

_  1  +  0.5  _ 

=  1.5  =  3.5  dB 


3.  (B)  G(ja)H(jG)=  — — - — — - — 

jco(jc0+  1)(0.5  +  j  co) 

c|)  =  -90o-tan-1  2co-tan  1  co 

At  phase  cross  over  point  c()  =  —180° 

-tan1  2co-tan~1  co-90°  =  -180° 

tan-1  2co+  tan-1  co  =  90° 

2co+  co 


1  -(2co)(co) 

1  -(2co)co  =  0 


=  tan  90°  =  oo 


co  =  —^=0.707  rad/sec 

V2 


4.  (B)  For  a  stable  system  gain  at  180°  phase  must  be 
negative  in  dB.  More  magnitude  more  stability. 

5.  (C)  At  180°  gain  is  0.63.  Hence  gain  margin  is 

=  20  log  — =  4  dB 
0.63 

At  unity  gain  phase  is  -172°, 

Phase  margin  =  180°-172°=  8° 


11.  (C)  For  phase  crossover  frequency 
ZGHijoS)  =-180° 


GH(jm )  = 


_ K _ 

joil  +  2  jco)(l  +  3  jco) 


-90°-tan  ^co^-tan  13con=-180 
tan-1  2wK  +  tan-1  3co„  =90° 

2(0,1  +  3<n"  =  tan  90° 


1  -(2co„)(3coJ 

1  -  6co2  =  0  =>  =  0.41  rad/s 


O 


12.  (D)  G(s)  = 


s  +  1 

s(l  +  0.5s) 


s  +  1 


The  Bode  plot  of  this  function  has  break  at  co  =  l  and 
co  =  2.  These  are  the  corner  frequencies. 


13.  (A)  G.M.  = 


1 

\GH(j^) 


=  2 


14.  (B)  PM.  =  180°  +  ZGH(jo\ )  =  180°-120°  =  60° 


6.  (A)  At  ZG(j'co)  =  180°  gain  is  -2  dB.  Hence  gain 
margin  is  2  dB.  At  0  dB  gain  phase  is  -140°.  Hence 
phase  margin  is  180°-140°=  40°. 


15.  (D)  Due  to  pole  at  origin  initial  plot  has  a  slope  of 
-20  dB/decade.  At  s=jco  =  — .  Slope  increases  to  -40 


7.  (A)  At  co  =  100  rad/sec  phase 
over  frequency  co,  =  100  rad/sec. 


is  180°.  Phase  cross- 


dB/decade.  At  co  = 


1 

T’ 


|G( jco)|  ~  KT  <1  ,Gain  in  dB  <  0. 
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27.  (C)  Initially  slope  is  -20  dB/decade.  Hence  there  is  a 
pole  at  origin  and  system  type  is  1.  For  type-1  system 
position  error  coefficient  is  oo. 

20  log  K  =  6  =>  K=  2, 

28.  (B)  The  system  is  type  -0, 

20  log  K  =  40,  K  =  100,  e,fc„(°°)  =  1  =  1 

1  +  Kp  101 

29.  (A)  The  Bode  plot  is  as  shown  in  fig.  S6.5.29 


K„=  4,  emmpW=±=j=025 

30.  (B)  From  fig.  S6.5.29  £  =  =  =  0.179 

2co3  2(1.4) 


31.  (A)  If  Nyquist  plot  encloses  the  point  (-1,  j'0),  the 
system  is  unstable  and  gain  margin  is  negative. 


32. (A)  GH(jd)  = 


_ K _ 

jail  +  jroTJ )( 1  +  j(oT2)  (1  +  jcoT2) 


lim  GH(joi)  =  lim  — =  lim — Z-90° 

m->0  oi->0  jQj  oi->0 

Hence,  the  asymptote  of  the  Nyquist  plot  tends  to  an 
angle  of -90°  as  a>->0. 


ZGH(jaj)  =  -  tan  1 
\GH(jc6)\  = 


2co 
2  -co2 

K 


-90c 


(ShJ(2  -  co2)2  +  4co2 

At  co  =  0,  GH(ja i)  =  oo  Z  - 90°, 

At  co  =  oo  GH(j(o)  =  0 Z  -  270 °, 

At  co  =  1,  GH( »  =KrZ- 153.43°, 

V  5 


At  <0  =  2,  GH(  j<»)  - 


K 

2Vl8 


Z -206.6°, 


Due  to  s  there  will  be  a  infinite  semicircle.  Hence  (C)  is 
correct  option. 


36.  (B)  GHU<a)  =  K(1  +  {a)2 

(»3 

|GH(joi)|  =  K(1+:i  “  } 

CO 

ZGH(jm)  =  -270°+  2  tan’1  co 
For  co  =  0,  GH(jco)=ooZ-270° 

For  co  =  1 ,  ZGHijw )  =-180° 

For  co  =  oo,  GH( j(o)  =0Z -90° 

As  (o  increases  from  0  to  00,  phase  goes  -270°  to  -90°. 
Due  to  s3  term  there  will  be  3  infinite  semicircle. 


37.  (A)  |GH(»| 


_ K _ 

y[  1  +  co2  \Jl  +  4co2  -Jl  +  9co2 


ZGH(ja)  =-90°-tan  ^-tan  ^co-tan  1  3co  , 


For  (o  =  0,  GH(jaj)  =  00Z -90°, 
For  (0  =  00,  GiT(y'(o)=0Z-360°, 
Hence  (A)  is  correct  option. 


33-<C)  20108 
pbr10  * 

Since  system  is  stable,  it  will  cross  at  s  =  -0.1. 


34.  (B)  GH(s)  =  - 

(s2  -  1) 

GHU(0) -c£3j 

At  co  =  0  ,  GH(jaj)  =2Z  - 180° 
At  co  =  00,  GH(jaj)  =0Z -270° 
Hence  (B)  is  correct  option. 


35.  (C)  GH(jco)  = 


K 

y'c o(-co2  +  2JW+  2) 


38.  (C)  The  open-loop  poles  in  RHP  are  P  =0.  Nyquist 
path  enclosed  2  times  the  point  (-1  +  j'0).  Taking 
clockwise  encirclements  as  negative  N  =- 2. 

N=P-Z,  -2=0  -Z,  Z=2  which  implies  that  two 
poles  of  closed-loop  system  are  on  RHP. 


39.  (B)  G(s)H(s )  = 


-1 


2s(l-20s)’ 


\GH(j(a)\  : 


2co  Vl  +  400ra2 


ZGH(ja)  =  180°-90°  -  tan 


! -20co 


At  (o  =  0  GH(jo>)  =  coZ90° 

At  co  =  oo  GH(j(ti)  =0Z180° 

At  (0  =  0.1  GH(jco)  =224Z153.43° 

At  (o  =  0.01  GH(»  =  49Z91.15° 
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40.  (C)  One  open-loop  pole  is  lying  on  the  RHP.  Thus 
open-loop  system  is  unstable  and  P  =  1.  There  is  one 
clockwise  encirclement.  Hence  N  =- 1. 

Z  =P  -  2V=l-(-l)=2, 

Hence  there  are  2  closed-loop  poles  on  the  RHP  and 
system  is  unstable. 

41.  (B)  There  is  one  infinite  semicircle.  Which  represent 
single  pole  at  origin.  So  system  type  isl. 

42.  (D)  \GH(jo))\  =  g/1  +  C°2  =K 

*\J  1  +  G)2 

ZGH{ja)  =  tan-1  o  -  tan  1  - 

At  o  =  0  GH(ja)  =KZ0°, 

At  co  =  l  GH(j(a)=KZ90°, 

At  cn  =  2  GiT(jro)  =KZ1‘27°, 

At  o  =  oo  GH(  jo)  =  AZ180°, 


43.  (A)  RHP  poles  of  open-loop  system  P  =  1,  Z  =  P  -  N. 
For  closed  loop  system  to  be  stable, 

Z  =0,  0=1  -N  =>  N  =1 

There  must  be  one  anticlockwise  rotation  of  point 
(-1  +  j'0).  It  is  possible  when  K  >  1. 


44.  (C)  G(s)  = 
GH(s)  = 


s(2s  +  l)(s  +  1) 

1 


H(s)=  1 


GH(j  o)=- 


s(2s  +  l)(s  +  1) 

1 


j  o(2  jo  +  l)(jo  +  1) 


lim  GH(j<x>)  =lim  —  =  ooZ-90° 

co— >0  co— >0  J  (x) 


lim  GHi  jo)  =  lim  o- 


=  0Z  -270° 


—  2(jo)3 

The  intersection  with  the  real  axis  can  be  calculated  as 
Im|GfT(jo)}  =0,  The  condition  gives  o(2o2  -1)  =0 


i.e.  o  =  0,  — ,  GH\  j-Fr\  =  — 


V2 


.  1 


V2 


-2 


With  the  above  information  the  plot  in  option  (C)  is 
correct. 


The  frequency  at  which  magnitude  unity  is 


Im 


of  (1+  raj*)  (1+  4 of)  =1 

o2  =  0.326,  o1  =  0.57  rad/sec 

46.<D)G.M..201„Bj5Z-3.  |GHO,)|Z 

Gain  Margin  =20  log  ^  =  3.52  dB. 

ZGH(jG)  =-90°-tan~1  o-tan_1  2o  , 

At  unit  gain  o>,  =  0.57  rad/sec, 

Phase  at  this  frequency  is 

ZGH(j<j\)  =  -90°-tan  1  0.57  -  tan'1  2(0.57)  =-168.42° 
Phase  margin  = -168.42°+180°  =  11.6° 

Note  that  system  is  stable.  So  gain  margin  and  phase 
margin  are  positive  value.  Hence  only  possible  option  is 
(D). 


45.  (C)  The  Nyquist  plot  crosses  the  negative  real  axis 
at  o  =  rad/sec.  Hence  phase  crossover  frequency  is 


-1=  =0.707  rad/sec. 

V2 
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Q  The  term  ‘reset  control’  refers  to 

(A)  Integral  control  (B)  Derivative  control 

(C)  Proportional  control  (D)  None  of  the  above 

3  If  stability  error  for  step  input  and  speed  of  response 
be  the  criteria  for  design,  the  suitable  controller  will  be 

(A)  P  controller  (B)  PI  controller 

(C)  PD  controller  (D)  PID  controller 


|  The  transfer  function 


1  +  0.5s 
1  +  s 


represent  a 


(A)  Lag  network 

(B)  Lead  network 

(C)  Lag-lead  network 

(D)  Proportional  controller 


(C)  is  predictive  in  nature 

(D)  increases  the  order  of  the  system 


3  Consider  the  List  I  and  List  II 


List  I 


List  II 


P.  Derivative  control  1. 

Q.  Integral  control  2. 

R.  Rate  feed  back  control  3. 

S.  Proportional  control  4. 

The  correct  match  is 

P  Q 

(A)  1  2 

(B)  4  3 

(C)  2  3 

(D)  1  2 


Improved  overshoot  response 
Less  steady  state  errors 
Less  stable 
More  damping 

R  S 

3  4 

1  2 

1  4 

4  3 


A  lag  compensation  network 

(a)  increases  the  gain  of  the  original  network  without 
affecting  stability. 

(b)  reduces  the  steady  state  error. 

(c)  reduces  the  speed  of  response 

(d)  permits  the  increase  of  gain  of  phase  margin  is 
acceptable. 

In  the  above  statements,  which  are  correct 
(A)  a  and  b  (B)  b  and  c 

(C)  b,  c,  and  d  (D)  all 

Derivative  control 

(A)  has  the  same  effect  as  output  rate  control 

(B)  reduces  damping 


3  Consider  the  List-I  (Transfer  function)  and  List-II 
(Controller) 

List  I 

P. 

Q. 

KiS  +  K2 
K3s 

S.  p- 

K2s 


List  II 

1.  P-controller 

2.  Pi-controller 

3.  PD-controller 

4.  PID-controller 


The  correct  match  is 


(A) 

(B) 

(C) 


(D) 
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Q 

4 

3 

2 
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R 

2 

1 

1 

2 


S 

1 
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3  The  transfer  function  of  a  compensating  network  is  of 
form  (1  +  uTs)/(l  +  Ts).  If  this  is  a  phase-Lag  network, 
the  value  of  a  should  be 

(A)  greater  than  1 

(B)  between  0  and  1 

(C)  exactly  equal  to  1 

(D)  exactly  equal  to  0 


3  The  poll-zero  configuration  of  a  phase-lead 
compensator  is  given  by 


(A) 


(C)  Jc o  (D) 


j® 


-o- 


o 


a 


a 


While  designing  controller,  the  advantage  of  pole- 
zero  cancellation  is 

(A)  The  system  order  is  increased 

(B)  The  system  order  is  reduced 

(C)  The  cost  of  controller  becomes  low 

(D)  System’s  error  reduced  to  optimum  levels 

m  A  proportional  controller  leads  to 

(A)  infinite  error  for  step  input  for  type  1  system 

(B)  finite  error  for  step  input  for  type  1  system 

(C)  zero  steady  state  error  for  step  input  for  type  1 
system 

(D)  zero  steady  state  error  for  step  input  for  type  0 
system 


The  transfer  function  of  a  phase  compensator  is 
given  by  (1  +  aTs)/(l  +  Ts)  where  a>l  and  T> 0.  The 
maximum  phase  shift  provided  by  a  such  compensator 


is 


(A)  tan 


(C)  tan 


■i  fa  + 1) 

(B)  sin  1 

f  a-  1 

l «  - 1 J 

v  a  +  1 

-1  (  a  ~ 1 1 

(D)  cos-1 

fa-  1 

U  +  iJ 

ya  +  1 

(B)  Two-position  controller 

(C)  Floating  controller 

(D)  Proportional-position  controller 

m  In  case  of  phase-lag  compensation  used  is  system, 
gain  crossover  frequency,  band  width  and  undamped 
frequency  are  respectively 

(A)  decreased,  decreased,  decreased 

(B)  increased,  increased,  increased 

(C)  increased,  increased,  decreased 

(D)  increased,  decreased,  decreased 

A  process  with  open-loop  model 


TS  +  1 

is  controlled  by  a  PID  controller.  For  this  purpose 

(A)  the  derivative  mode  improves  transient 
performance 

(B)  the  derivative  mode  improves  steady  state 
performance 

(C)  the  integral  mode  improves  transient  performance 

(D)  the  integral  mode  improves  steady  state 
performance. 

The  correct  statements  are 
(A)  (a)  and  (c)  (B)  (b)  and  (c) 

(C)  (a)  and  (d)  (D)  (b)  and  (d) 

fTl  A  lead  compensating  network 

(a)  improves  response  time 

(b)  stabilizes  the  system  with  low  phase  margin 

(c)  enables  moderate  increase  in  gain  without 
affecting  stability. 

(d)  increases  resonant  frequency 

In  the  above  statements,  correct  are 
(A)  (a)  and  (b)  (B)  (a)  and  (c) 

(C)  (a),  (c)  and  (d)  (D)  All 

EEZ  A  Lag  network  for  compensation  normally  consists 
of 

(A)  R,  L  and  C  elements 


fftl  For  an  electrically  heated  temperature  controlled 
liquid  heater,  the  best  controller  is 
(A)  Single-position  controller 
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(C)  R  and  C  elements 

(D)  R  only 
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fTSl  The  pole-zero  plot  given  in  fig.P6.6.18  is  that  of  a 

j(0 


Fig.  P6.6.18 

(A)  PID  controller 

(B)  PD  controller 

(C)  Integrator 

(D)  Lag-lead  compensating  network 


SOLUTIONS 


1.  (A) 

2.  (D) 

3.  (A) 

4.  (D) 

5.  (B) 

6.  (D) 

7.  (A) 

8.  (B) 

9.  (A) 

10.  (B) 

11.  (C) 

12.  (B) 

13.  (C) 

14.  (D) 

15.  (C) 

16.  (D) 

17.  (C) 

18.  (D) 

19.  (D) 

20.  (D) 

21.  (D) 


The  correct  sequence  of  steps  needed  to  improve 
system  stability  is 

(A)  reduce  gain,  use  negative  feedback,  insert 
derivative  action 

(B)  reduce  gain,  insert  derivative  action,  use  negative 
feedback 

(C)  insert  derivative  action,  use  negative  feedback, 
reduce  gain 

(D)  use  negative  feedback,  reduce  gain,  insert 
derivative  action. 


ETil  In  a  derivative  error  compensation 

(A)  damping  decreases  and  setting  time  decreases 

(B)  damping  increases  and  setting  time  increases 

(C)  damping  decreases  and  setting  time  increases 

(D)  damping  increases  and  setting  time  decreases 

An  ON-OFF  controller  is  a 

(A)  P  controller 

(B)  PID  controller 

(C)  integral  controller 

(D)  non  linear  controller 
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H  Consider  the  SFG  shown  in  fig.  P6.7.1 


-2 

1 

O' 

“2 

-1 

0" 

(A) 

0 

-2 

0 

(B) 

0 

2 

0 

0 

0 

-3 

0 

0 

3 

"  2 

1 

-2" 

"0 

-1 

2" 

(C) 

0 

-2 

0 

(D) 

0 

2 

0 

-3 

0 

0 

3 

0 

0 

For  this  system  dynamic  equation  is 


Xx 

"3 

1 

2 

Xx 

0" 

(A) 

X2 

= 

0 

1 

1 

x2 

+ 

0 

Xg 

3 

2 

1 

Xg 

1 

xx 

"  0  10" 

xx 

0" 

(B) 

X2 

Xg_ 

— 

0  0  1 

-3  -2  -1 

X2 

Xg 

+ 

0 

1 

(C) 

Xx 

x2 

_ 

0  -1  0" 

0  0-1 

xx 

x2 

+ 

"o' 

0 

Xg 

3  2  1 

Xg^ 

1 

(D)  None  of  the  above 


Statement  for  Q.2-4: 

Represent  the  given  system  in  state-space 
equation  x  =  A  x+  B-  u.  Choose  the  correction  option  for 
matrix  A. 


a 


5 


1 

0 

-2" 

“-1 

0 

2" 

(A) 

0 

-2 

0 

(B) 

0 

2 

0 

-3 

0 

0 

3 

0 

0 

-2 

0 

1 

"2 

0 

-1 

(C) 

0 

-2 

0 

(D) 

0 

2 

0 

0 

0 

-3 

0 

0 

3 

a 

2 
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Fig.  P6.7.2 
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'  0 

1 

-4 

"  0 

-1 

4" 

3  The  <1)(Y)  is 

(A) 

1 

0 

0 

(B) 

-1 

0 

0 

(A) 

cos2t 

sin  2 1 

(B) 

cos  2 1 

-sin2t 

-3 

0 

0 

3 

0 

0 

-sin2t 

cos  2 1 

sin  2 1 

cos  2 1 

"-4 

1 

0" 

4 

-1 

0" 

(C) 

sin2t 

cos  2 1 

(D) 

sin2t 

-cos  2 1 

(C) 

0 

0 

1 

(D) 

0 

0 

-1 

-cos2t 

sin2t 

cos  2 1 

sin2£ 

0 

0 

-3 

0 

0 

3 

9.  The  0(t)  is 

:  The  state  equation  of  a  LTI  system  is  represented  by 


"  0 

1 

"0 

i“ 

X  = 

-2 

-1 

X  + 

l 

0 

u 


The  Eigen  values  are 
(A)  -1,  +  1 
(C)  -1,  -1 


(B)  -0.5  ±  j'1.323 
(D)  None  of  the  above 


3  The  state  equation  of  a  LTI  system  is 


-3 

0" 

0" 

X  = 

0 

-3 

X  + 

i 

u 


The  state-transition  matrix  0(7)  is 


(A) 


(C) 


0 


-e 

0 


0 

e~3t 

-3‘  Q 


-e 


(B) 


(D) 


-e 

0 


0 

-3 1 


e~M  0 
0  -e"3t 


^  The  state  equation  of  a  LTI  system  is 


"  0 

2" 

"0" 

X  = 

-2 

0 

X  + 

l 

u 


The  state  transition  matrix  is 


(A) 


(C) 


cos2£ 

sin  2 1 

(B) 

cos  2 1 

-sin2£ 

-sin  2 1 

cos  2 1 

sin2£ 

cos  2£ 

sin  2 1 

-cos  2 1 

cos  2 1 

sin2£ 

(D) 

sin2£ 

cos  2£ 

-cos  2 1 

sin2£ 

Statement  for  Q.8-9: 

The  state-space  representation  of  a  system  is  given 
by  x(£)  =  A -x(£)  +  B -u(£),  where 


A  = 


0  2 

-2  0 


B  = 


If  x(0)  is  the  initial  state  vector,  and  the 
component  of  the  input  vector  u(£)  are  all  unit  step 
function,  then  the  state  transition  equation  is  given  by 
x(t)  =  ®(£)x(0)  +  0(£),  where  ®(£)  is  a  state  transition 
matrix  and  0(£)  is  a  vector  matrix. 


(A) 


(C) 


0.5(1  -  sin  2t) 

(B) 

sin  2 1 

0.5  cos  2 1 

cos  2 1 

0.5(1  -cos2£) 

(D) 

cos  2 1 

0.5  sin  2 1 

sin2£ 

[0  From  the  following  matrices,  the  state-transition 
matrices  can  be 


(A) 

(C) 


-e 

0 

1 

1  -e~ 


0 

1  -e“ 
0  ' 


(B) 

(D) 


1  -e“ 

0 

1  -e~ 

0 


0 

e~‘ 

e~‘ 

e~‘ 


Statement  for  Q.ll-13: 

A  system  is  described  by  the  dynamic  equations 
x(£)  =  A  -x(£)  +  B  u (t),  y(t)  =  C  •  x(£)  where 


"  0 

1 

0" 

"O' 

0 

0 

1 

,B  = 

0 

-1 

1 

to 

CO 

1 

1 

A  = 


EB  The  Eigen  values  of  A  are 

(A)  0.325,  -1.662  ± y'0.562 

(B)  2.325,  0.338  ±j0.562 

(C)  -2.325,  -0.338  ± j0.562 

(D)  -0.325,  1.662  ± y'0.562 


,  C=[l  0  0] 


m  The  transfer-function  relation  between  X(s )  and 
U(s)  is 


(A) 


(C) 


3s2  +  2s  - 1 


s  +  3s  +  2s  +  1 


(B) 


s  +  3s  +  2s  +  1 


(D)  None  of  the  above 


IKl  The  output  transfer  function  Y(s)/U(s )  is 

(A)  s(s3  +  3s2  +  2s  +  l)"1  (B)  s(s3  +  3s2  +  2s  -  IT1 

(C)  (s3  +  3s2  +  2s  +  l)-1  (D)  None  of  the  above 
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m  A  system  is  described  by  the  dynamic  equation 
x(£)  =  A  -x(t)  +  B  -u(t),  y(t)  =  C  ■  x(t)  where 


(C) 


-1  0 


0  10 
0  0  1 
9  26  24 


xx 

O' 

x2 

+ 

0 

_*3_ 

24 

0  -2 

0 

xx 

"0  1  0 

x1 

"o  " 

(D) 

x2 

= 

0  0  1 

X2 

+ 

0 

The  output  transfer  function  Y(s)/U(s)  is 

Xg 

-9  -26  -24 

Xg 

24 

(A) 

(C) 


(s  +  1) 
(s  +  2)2 

(8  +  2) 
(s  +  1) 


(B) 


s  +  2 

(D)  None  of  the  above 


The  state-space  representation  of  a  system  is  given 

by 


x(t)  = 


-1  0 
0  -2 


x(t)  ■ 


u(t),  y(t)=[l  l]x(t) 


The  transfer  function  of  this  system  is 
(A)  (s2  +  3s  +  2T1  (B)(s  +  2r1 

(C)  s(s2  +  3s  +  2)-1  (D)  (s  +  l)'1 

m  The  state-space  representation  for  a  system  is 

u,  y  =[1  0  0]x 


"  0 

l 

0" 

TO" 

X  = 

0 

0 

1 

X  + 

0 

-l 

-2 

-3 

0 

The  transfer  function  Y(s)/U(s )  is 

10(2s2 


(A) 

10(2s2  +  3s  +  1) 

(B) 

s3  +  3s2  +  2s  +  1 

(C) 

10(2s2  +  3s +  2) 
s3  +  3s2  +  2s  +  1 

(D) 

3s  +  1) 


s3  +  2s2  +  3s  +  1 

10(2s2  +3s  +  2) 
s3  +  2s2  +  3s  +  1 


Statement  for  Q.17-18: 

Determine  the  state-space  representation  for  the 
transfer  function  given  in  question.  Choose  the  state 
variable  as  follows 

dc  .  d2c  ..  d3" 


x,  =  c  =  y,  x9  =  —  =  c  ,  x„  =  „ 

1  J  2  dt  3  dt 2 


=  c  ,  x4  = 


dt 2 


=  c 


m 


(A) 


C(s) 

R(s) 


24 


s3  +  9s2  +  26s 

0  1  0 
0  0  1 
-24  -26  -9 


24 


0 

0 

24 


x: 

"0 

1 

O' 

xx 

"o  ' 

(B) 

x2 

= 

0 

0 

1 

X2 

+ 

0 

Xg 

24 

26 

9 

Xg^ 

24 

C(s) 

R(s) 


100 


■  20s3  +  10s2  +  7s +  100 


'  0 

1 

0 

0  ' 

'  0  ' 

0 

0 

1 

0 

0 

X  = 

0 

0 

0 

1 

X  + 

0 

100 

7 

10 

20 

!00 

r, 


y=[l  0  0  0]x 


0 

1 

0 

0 

'  0  ' 

0 

0 

1 

0 

0 

X  = 

0 

0 

0 

1 

X  + 

0 

-100 

-7 

-10 

-20 

ioo 

y  =[1  0  0  0]x 


"0 

1 

0 

0  ' 

'o' 

0 

0 

1 

0 

0 

X  = 

0 

0 

0 

1 

X  + 

0 

20 

10 

7 

100 

1 

y  =[100  0  0  0]x 


‘  0 

1 

0 

0 

"o' 

0 

0 

1 

0 

0 

X  = 

0 

0 

0 

1 

X  + 

0 

-20 

-10 

-7 

-100 

1 

y  =[100  0  0  0]x 

A  state-space  representation  of  a  system  is  given  by 


0  1 

-2  0 


x,  y=[l  -l]x,  and  x(0)  = 


The  time  response  of  this  system  will  be 


(A)  sin  ~j2t 
(C)  — ^sinV2£ 

V2 

S3  For  the  transfer  function 

Y(s)  s 


(B)  — ;=sin  V2 1 

V2 

(D)  V3  sin  -J2t 
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U(s)  (s  +  l)(s  +  2) 

The  state  model  is  given  by  x=Ax+Bu, 
y  =  C  •  x.  The  A  ,  B,  C  are 
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S3 


-5 

-4 

-2" 

T 

-3 

-10 

0 

X  + 

1 

-1 

1 

-5 

0 

2 


l]x 


estep(°°) 

(A)  1.0976 

(B)  1.0976 

(C)  0 

(D)  00 


0 

00 

1.0976 

1.0976 


Statement  for  Q.34-36: 

Consider  the  system  shown  in  fig.  P6. 7. 34-36. 


Fig.  P6.7.34-36 


ETil 


‘  0 

1 

0" 

"0" 

-5 

-9 

7 

X  + 

0 

-1 

0 

0 

1 

y  =[1  0  0]x 


estep  (°°) 

€  ( ! 

ramp  v 

(A)  0 

0.714 

(B)  00 

0.714 

(C)  0 

4.86 

(D)  CO 

4.86 

Statement  for  Q.31-33: 

Consider  the  system  shown  in  fig.  P6. 7. 31-33 


l 


Fig.  P6.7.31-33 


The  controllability  matrix  is 


(A) 


1  0 
0  1 


(C) 


1 

0 


0 

-1 


-2 

4 

2 

-4 


BE!  The  observability  matrix  is 


(A) 

(C) 


1  0 

0  1 

1  0 
0  -1 


-2 

4 

2 

-4 


The  system  is 

(A)  Controllable  and  observable 

(B)  Controllable  only 

(C)  Observable  only 

(D)  None  of  the  above 


^3  The  controllability  matrix  for  this  system  is 


"  10 

-10 

10" 

"0 

1 

-2 

(A) 

-10 

0 

-20 

(B) 

1 

-1 

1 

10 

-20 
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-1 

(C) 
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(D) 
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10 

-20 

-40 

1 

-4 

-4 

The  observability  matrix  is 

‘  10 

-10 

10" 

"0 

1 

-2 

(A) 

-10 

0 

-20 

(B) 

1 

-1 

1 

10 

-10 

40 

1 

-2 

4 

"  10 

-10 

10" 

"0 

1 

2" 

(C) 

-10 

0 

20 

(D) 

1 

-1 

1 

10 

-10 

-40 

1 

-2 

4 

ETtl  The  system  is 

(A)  Controllable  and  observable 

(B)  Controllable  only 

(C)  Observable  only 

(D)  None  of  the  above 


Statement  for  Q.37-38: 

A  state  flow  graph  is  shown  in  fig.  P6. 7. 37-38 


(A) 


Fig.  P6.7.37-38 

The  state  and  output  equation  for  this  system  is 

X 

u,  y  =[5  4]  ' 


xx 

"0 

-i 

21 

Xx 

+ 

"0" 

Jc2_ 

5 

T_ 

_X2  _ 

1 
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(B) 


(C) 


(D) 


0  1 
-5  -21 
4  . 


0  -1 

5  21 
4 


0  1 

-5 

4  . 


u,  y  =[5  4] 


(B) 


-1  -1 

-3  -1 


v,,  iR  =[4  1] 


V, 

l 

-3" 

V, 

'  1  “ 

V 

Xi 

"l" 

X-, 

(C) 

l 

= 

1 

+ 

v„  iR  =[1  4] 

1 

+ 

u,  y  =[4  5] 

1 

p2_ 

l 

6 

_V2_ 

-1 

x2_ 

l 

x2  _ 

_ 

_ 

u,  y  =\ 4  5] 


sill  The  system  is 

(A)  Observable  and  controllable 

(B)  Controllable  only 

(C)  Observable  only 

(D)  None  of  the  above 

Consider  the  network  shown  in  fig.  P6.7.39.  The 
state-space  representation  for  this  network  is 


Fig.  P6.7.39 


(A) 

(B) 

(C) 

(D) 


vr 

-025 

1 

vc 
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iR  =  [0.5 

0] 

vc 

c 

= 

+ 
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J'L  _ 
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1" 

vc 

025" 

iR  =  [0.5 

0] 

vc 

c 

= 

+ 

Vs’ 

h  _ 

-025 

0 

_k_ 

1 

k_ 

vr 

i 

025" 

Vr 

025" 

vs,  iR  =[0.5  0] 

vc 

c 

= 

c 

+ 

k  _ 

0 

0.5 

k  _ 

0 

k  _ 

-1  025 
0  -0.5 


025 

0 


vs,  =[0.5  0] 


23  For  the  network  shown  in  fig.  P6.7.40.  The  output  is 


©  "T 


l  n 


Fig.  P6.7.40 


iR  (t).  The  state  space  representation  is 


(A) 


k 

i  -i 

T 

— 

+ 

k  

-3  1 

h. 

0 

Vi,iR=l  4  1] 


(D) 


1  3 

-1  6 


V 

i 

+ 

Vi,iR=[l  4] 

1 

-i 

V‘2_ 

Statement  for  Q.41-43: 

Consider  the  network  shown  in  fig.  P6. 7. 41-43. 
This  system  may  be  represented  in  state  space 
representation  x  =  A  ■  x  +  B  ■  u 


\j-Rl 

u  N 

1  lL  1  _ 

V-R2 

f 

J  2 F 

T 

)  « 

>  i  a 

►4ur 


Fig.  P6. 7.41-43 

m  The  state  variable  may  be 


(A)  iR1 ,  iR  2 
(C)  vc  ,  iL 


(B)  iL  ,  ic 

(D)  None  of  the  above 


m  If  state  variable  are  chosen  as  in  previous  question, 
then  the  matrix  A  is 

(A) 

(C) 

©  The  matrix  B  is 


1  -1" 

(B) 

1  -3" 

-1 

3 

-1 

1 

-1 

3" 

(D) 

‘  3  -1“ 

1  -1 

-1 

1 

(A) 

'  3" 

-1 

(B) 

-1" 

3 

(C) 

-3" 

1 

(D) 

1" 

-3 

Statement  for  Q.44-47: 

Consider  the  network  shown  in  fig.  P6. 7.44-47 


l  n 

AAAr 


© 


in 

m 


1  Q 

AAA — 


1  H 


(1  H 


if: 


Fig.  P6. 7.44-47 
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[3  The  state  variable  may  be 

(A)  4 ,  i4  (B)  4 ,  4 , 

(C)  4  ,  4  (D)  4  ,  4 ,  4 

In  state  space  representation  matrix  A  is 


(A) 


(C) 


The  matrix  B  is 


(A) 


2“ 

“2" 

3 

3 

1 

(B) 

1 

3 

3 

1 

1 

3 

3 

1 

"2" 

3 

3 

1 

(D) 

1 

3 

3 

1 

2 

3 

3 

(C) 


m  If  output  is  va  ,  then  matrix  C  is 
(A)  [-1  0  0]  (B)  LI  0  0] 

(C)  [0  0  -1]  (D)  [0  0  1] 
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1 
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1 

1 

2" 

3 

3 

3 

3 

3 

3 

1 

2 

2 

(B) 

2 

2 

1 

3 

3 

3 

3 

3 

3 

1 
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1 
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3 

3 

3 

3 

3 

3 

2 

1 

1] 

1 

1 

2 

3 

3 

3 

3 

3 

3 

1 

2 

2 

(D) 

2 

2 

1 

3 

3 

3 

3 

3 

3 

1 

2 

1 

1 

2 

1 

3 

3 

3 

3 

3 

3 

SOLUTIONS 


1.  (B)  From  the  SFG 

x3  =  -3x1  -2  x2  -  x3  +  u 


2.  (A)  Xj  =  -  2x1  +  x3  ,  ic2  =  -  2x2  +  u  ,  x3  =  -3x3  +  u 
-2  1  0" 

0-2  0 
0  0-3 


x2 

i3 

r3 

,  X 

2  — 

r 

"0" 

*2 

+ 

0 

x3 

1 

u 


3.  (C)  x,  =  -2x1  +  x3  ,  x2  =-2x2  +  u  ,  x3  =  -3x3  +  u 
y  =  5  xx  +  5  x2  +  5  x3 


*2 

x3 

-2  0  1 
0-2  0 
0  0-3 


"0" 

x2 

+ 

l 

x3 

l 

u 


4.  (C)  xx  =  -4x1  +  x2  ,  x2  =  x3  +  2 u  ,  x3  =  -  3x3  +  u 


u 


5.  (B)  As  =  Isl  -  A|  =  s2  +  s  +  2  =  0  =>  s  =  -  0.5  +  j'1.323 


-4 

1 

r 

x1 

"0" 

x2 

= 

0 

0 

i 

X2 

+ 

2 

x3 

0 

0 

-3 

_X3_ 

1 

6.  (A)  (si  -  A)  = 

1 


(si-Ar1  = 


s  +  3 
0 


s  +  3  0 

0  s  +  3 

0 

1 


,  I  si  —  A I  = 


(s  +  3) 


®(f)  =  L-1{(«I-A)} 


s  +  3. 
e“3‘  0 

0  e“3‘ 


7.  (A)  (si  -  A)  = 


s  -2 
2  s 


,  Isl-Al  =  s2  +  4 


(sI-AU1  = 


s2  +4 


s  2 
-2  s 


s2  +  4  s2  +  4 
-2  s 


0(0  =L-1((sI-A)}  = 


s2  +  4  s2  +  4 
cos2^  sin2^ 

-sin2^  cos2^ 


8.  (A)  (si  -  A)  = 


s  -2 
2  s 


,  As  =lsl  -  Al  =  s2  +  4 
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(si -AT1  =- 


s  2 
-2  s 


s2  +  4  s2  +  4 
-2  s 


(DW  =  L1{(sI-A)}  = 


s2+4  s2  +  4 
cos2£  sin2£ 

-sin2£  cos  2 1 


9.  (C)  0(()  =L_1((sI  -  A)_1Bi?(s)l 
=  L  1 1  1 


=  L3 


s2  +  4 
2 


~  s  2" 

O' 

1 

11  -L_1{  ^ 1 

[211 

L-2  sj 

|_ij 

|_i_ 

sj  [s(s  +4) 

Wj 

s(s2  +  4) 


(s2  +  4) 


0.5(1  -cos  2t) 
0.5  sin  2£ 


10.  (C)  (A)  is  not  a  state-transition  matrix,  since  (WO)  *  I 

(B)  is  not  a  state-transition  matrix  since  0(0)  +  I 

(C)  is  a  state-transition  matrix  since  0(0)  =  I  and 

[owr1  =  OM) 


11.  (C)  (si  -  A)  = 


s  -1  0 

0  s  -1 
1  2  s  +  3 


|sl  -  A|  =  s3  +  3s2  +  2s  +  1, 

=>  s  =-2.325,  -0.338  + ./0.562 


12.  (B)  ^(s)=(sI-Ar1B 
U(s) 


s°  +  3s  +  2  s  +  3 


s  +  3s  +  2s  +  1 


-1 

-s 


s(s  +  3)  s 
-2s  - 1  s2 


s  +  3s  +  2s  +  1 


13.  (C) 


Y(s)  _  CX(s) 
U(s)  ~  U(s ) 


15.  (D)  T(s)  = 


(si -AT1  = 


s  +  1 

0 


(si  -  A)" 

0 
1 


s  +  2 


T(s)  = 


s  +  1 
0 


s  +  2 


s  +  1 


16.  (C)  x  =  A  x+  B  u,  y  =  C  ■  x  +  Du 


A  = 


'  0 

1 

O' 

TO" 

0 

0 

1 

>  B  = 

0 

-1 

-2 

-3 

0 

,  C  =  [l  0  0],  D  =0 


14.  (D)  =  C(sI-Ar1B 


U(s) 


B  =  [1  1]- 


As 


s  +  1  1 

0  s  +  1 


s  +  2 
'  (s  +  l)2 


T(s )  =  1^(s)  =  C  (si  -  A)-XB  +  D 
U(s) 

(si -AT1  = 


s  +  3s  +  2s  +  1 

Substituting  the  all  values, 
10(2s2  +  3s  +  2) 


-  3s  +  2 
-1 
-s 


s  +  3  1 

s(s  +  3)  s 
-2s  - 1  s2 


T(s)=- 


3s2  +  2s  +  1 


17.  (A) 


24 


C(s)  _ _ _  _ 

R(s)  s  +  a2s  +  a^s  +  Uq  (s  +  9s“  +  26s  +  24) 

(s3  +  a2s2  +  a:s  +  a0)C(s)  =  b0R(s) 

Taking  the  inverse  Laplace  transform  assuming  zero 
initial  conditions 
c  +  a2c  +  a jC  +  a0c  =  b0r 
xi  —c=y,  x2  =  c  ,  x3  =  c 
=  c  =  jc  2  ,  x2  =  c  =  x3 
x3  =  c  =  b0r  -  a2c  -  a3c  -  a0c 
=  -  a0x1  -  djX 2  -  a2x3  +  b0r, 
x,  n 


X, 


0  10 
0  0  1 
-an  -a,  -a. 


"o' 

x2 

+ 

0 

X3 

b0 

1 

ao  = 

24,  a3 

=  26,  a2  =9,  b0 

=  24 

s3  +  3s2  +  2s  +  1 

xx 

"  0 

1 

0 ' 

x1 

“0“ 

LI  0  0] 

s 

1 

x2 

= 

0 

0 

1 

x2 

+ 

0 

s3  +  3s2  +  2s  +  1 
s2 

s3  +  3s2  +  2s  +  1 

x3 

-24 

-26  -9 

x3 

24 

s3  +  3s2  +  2s  +  1 

xx 

y  =  [1  0  0] 


18.  (B)  Fourth  order  hence  four  state  variable 
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‘  0 

1 

0 

0  " 

0" 

0 

0 

1 

0 

0 

X  = 

0 

0 

0 

1 

X  = 

0 

~ao 

-«1 

-a  2 

-a3 

A. 

r,  y  =  [1  0  0  0]x 

a0=100,  0^=7,  a2  =  10,  a3  =  20,  6„=100 

19.  (B) A  = 


"  0  1' 

,  (si  A)’1- 

s  1 

|_-2  oj 

s2  +2 

-2  sj 

®(0=L-1{(sI-A)}  = 


cos 


y/2t 


sin  V2 1 


-V2  sin  -J2t  cos  -J2t 


x(t)  =  0(t)x(  0)  = 


sin 


*j2t 


y  =  x 1-x2 


COS  V2 1  , 

V2 

-V2  sin  y[2t  +  cos  V2 1 
sin  \f2t 


20.  (C)  Find  the  transfer  function  of  option 

Y(s)  1 


For  (A)  , 
For  (B)  , 


U(s)  s-2’ 

y(s)_  1 

E7(s)  s-2 


For  (C),  ^=[0  1] 


U(s) 


(s  +  l)(s  +  2) 


s  +  2  0 

2  s  + 1 


=  [0  1] 


s  +  2 
s  +  3 


(s  +  l)(s  +  2) 

So  (C)  is  correct  option 


s  +  3 


(s  +  l)(s  +  3) 


-2  -1 
-3  -5 


21.  (C)  A  = 

|sI-A|=s2  +7s  +  7  =>  s  =  -5.79,  - 121 


22.  (B)  (si  -  A)  = 


s  -2  -3 

0  s  -  6  -5 

-1  -4  s-2 


|sI-A|=s3-8s2 -lls  +  8  =>  s  =9.11,  0.53,  -1.64 

23.  (D)  X(s)=(sI-A)-1(x(0)  +  B-u) 

s  - 1  -2 

3  s  +  lj 

2s3  +  4s2  +  21s +  45 
s3 -7s2  +  12s -7 


-i-i 

f 

r2i 

rr 

3 

+ 

s2  +  9  J 

(s2  +  5)(s  +  9) 


Y(s)  =[1  2]X(s)  = 


4s3 -10s2  +  45s -105 


(s2  +  5)(s2  +  9) 
24.  (B)  X(s)=(sI-Ar1(x(0)  +  B-u) 


(s  +  l)(s  +  2) 

(s  +  1) 

s(s  +  2) 

1 

_s(s  +  l)(s  +  2) 
F(s)=[0  llX(s)  = 


s  +  1  0 

-1  s  +  2 


s(s  +  l)(s  +  2) 

1 


25.  (B)  X(s)=(sI-Ar1(x(0)+B-u) 


s  +  2 

-1 

0 

-1 

f 

0 

1 

0 

S 

-1 

0 

+ 

0 

0 

0 

S  +  1 

V 

0 

0 

s(s  +  2) 

1 

s2(s  +  2) 


s  (s  +  l)(s  +  2) 


F(s)=[l  0  0],  X(s)  = 


^=He"2t 


s(s  +  2) 


26.  (D)  For  a  unit  step  input  esteJJ(oo)  =1  +  CA  B 


-5 

1 

0" 

-0.4 

0.05 

-0.05' 

A  = 

0 

-2 

1 

,  A  1  = 

-1 

-025 

-025 

20 

-10 

1 

-2 

1.5 

-0.5 

-0.4 

0.05 

-0.05' 

'O' 

estep(°°)  = 

l  +  [- 

1 

0] 

-1 

025 

-025 

0 

-2 

1.5 

-0.5 

1 

=  1-02  =0.8 


27.  (A)  es(  (00)  =  1  +  CA  4B,  A  1  = 


-2  -- 


eSteP(°°)  = 1  +  [!  1] 


[-2  -1! 

O' 

3 

1  °_ 

1 

=1-1=2 
3  3 


28.  (C)  =lim  [(1  +  CA^Blt  +  C(A'1)2B] 


1  +  CA_1B  =  — , 
3 


eramp(°°)  =lim 

t— >00 


-t+  CCA'1)^ 
3 


29.  (B)  esfep(oo)=l  +  CA1B 


-5 

-4 

-2" 

T 

A  = 

-3 

-10 

0 

»  B  = 

1 

-1 

1 

-5 

0 

,  C  =  [-l  2  1] 
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A1  = 


-0.305 

0.134 

0.122" 

-1 

1 

o' 

0.091 

-0.140 

-0.037 

A  = 

0 

-1 

0 

-0.079 

-0.055 

-0232 

0 

0 

-2 

,  C=[10  -10  10], 


esiep(oo)  =  1  +  0-0976  =  1-0976 

eramp(°o)  =lim  [d  +  CA'Btf  +  C(A_1)2B]  =  oo 

t— yx> 


CA  =[10  -10  10] 


-110 
0-10 
0  0-2 


0  0  -1 

-1  1  O' 

30.  (B)  A"1  = 

10  0 

1.286  0.143  -0.714 

CA2  =[10  0  -20] 

0-10 

0  0-2 

=  L10  0  -20] 


=  [10  -10  40] 


e-»(«)=l  +  [l  0  0] 


0 

0 

-1 

"O' 

0 

0 

0 

=  0 

C 

10 

-10 

10" 

1 

CA 

= 

-10 

0 

-20 

1.286 

0.143 

-0.714 

1 

CA2 

10 

-10 

40 

-1286 

-0.143 

0.714 

0 

0 

-1 

-0.776 

-0.102 

-0.776 

B  =0.714, 

eramp(”) 

=  0.714 

31.  (B)  xx  =  x2  +  u  ,  x2  =-5x2  -  6^  -2m 

~  0  1 
-6  -5 


'  0 

1 

X  + 

1" 

-6 

-5 

-2 

=  [B 

AB]  = 

1 

-2 

u, 


A  = 


,B  = 


1 

-2 


0  lj  1 

-6  -5  -2 


1  -2 
-2  4 


C 

T  O' 

CA 

0  1 

32.  (A)  y  =  x1  ,  y  =[1  0]x  , 
C=[l  0],  CA=[1  0],OM  = 


33.  (C)  det  CM  =0.  Hence  system  is  not  controllable,  det 
Om  =  1.  Hence  system  is  observable. 

34.  (B)  xx  =  -  x1  +  x2  ,  x2  =  -  x2  +  u  ,  x3  =  —  2x3  +  u 


-l 

1 

o' 

o' 

-1 

1 

o' 

O' 

X  = 

0 

-1 

0 

X  + 

1 

M,  A  = 

0 

-1 

0 

,  B  = 

1 

0 

0 

-2 

1 

0 

0 

-2 

1 

AB 


A2B 


-1  1  O' 

O' 

1" 

0-10 

1 

= 

-1 

0  0-2 

1 

-2 

-1  1  0 

-r 

1" 

r 

0-10 
0  0-2 


-1 

-2 


Cm  =  [B  AB  A2B] 


0  1-2 
1-11 
1-2  4 


35.  (A)  y  =  10xj  -  10x2  +  10 x3  ,  y  =  [10  - 10  10]x 


36.  (A)  detC  =det 


0  1-2 
1-11 
1-2  4 


=  -l, 


Since  the  determinant  is  not  zero,  the  3x3  matrix  is 
nonsingular  and  system  is  controllable 
10  -10  10" 

0  -10  =-3000 
10  -20  40 


detOM  =det  -10 


The  rank  of  Om  is  3.  Hence  system  is  observable. 


21 

37.  (B)  x2  =  -  5x1  -  -  - -  x2  +  u  ,  x3  =  x2,  y  =5x3  +  4x2 

4 


"  0 

i" 

21 

xx 

+ 

o' 

x2  _ 

-5 

_x2  _ 

l 

u,  y  =[5  4] 


c 

5 

4" 

CA 

-20 

1 

38.  (B)  Om  = 
det  Om  =0.  Thus  system  is  not  observable 
Cm=[B  AB] 

det  CM  =  -1.  Thus  system  is  controllable. 


0  1 
1 

4  . 


39.  (B)  d'^  =  ic,  —  =025vl 
dt  c  dt  4  L 

vc  and  i,  are  state  variable. 


’  l‘C  ’  h'  0.  5  V l 


■V-Vr 


dv 


Hence  equations  are  — —  =  iL  — -  =  -0.5vc  +  i 


dt 

^  =0.25(i;s  -oc)=-0.25oc 
dt 


V 

-0.5 

1" 

~vc 

+ 

0.25" 

}l  _ 

-0.25 

0 

_k_ 

1 

2 

t  0.25os 

vs> 
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iR  ~  g  —  0.5vc, 


iR  =  [0.5  0] 


40.  (B)  =  i2  ,=^  =  vL 


dv1  _  .  di3 
dt  2  ’  dt 
Hence  o,  and  i3  are  state  variable. 
i2  =  i4  -i3=(vi  -  v4)  -  i3  ,  i2  =-v1  -i3  +  vi 
vL=Vi-v2=Vi-iR  ,=v4  ~{i3  +  4v1)=-3v1  -i3 

y=iR=  4v3  +  i3 


dv ,  .  di3  n 

-jr  =  ~v1  - i3  +  v ,  ,  —f=-3v1  -i3, 
dt  dt 


1 

i-=r- 

"-1 

1 - 

rH 

1 

' 

_ 1 

+ 

i—l 

_h  _ 

-3 

-1 

_h  _ 

0 

vi,in<  4  1J 


41.  (C)  Energy  storage  elements  are  capacitor  and 
inductor.  vc  and  iL  are  available  in  differential  form  and 
linearly  independent.  Hence  vc  and  iL  are  suitable  for 
state-variable. 


42.  (B) 

2  dt 

1  di, 

- -  =  v,  => 

2  dt 


dvc 

dt 


=  2  in 


diL 

dt 


=  2v. 


V,  =Vr  + 


VR2  +  4?2  >  4  +  ^VL  ~  iR 


vL=vc  +  ic  +  4^l  »  -3vl  =vc  +  ic 


i,  — — —  iT 

s  1  L 


lC  ~  h  lRl  lL  >  lC 

Solving  equation  (i)  and  (ii) 


3  ( is  4,  ic)  ~vc  +  ic  !  2ic  —vc  3ih  +  3is 
'L  -  iL  ,  2  vL  =  -  vc  +  iL  -  is 

-vr  +  i,  -i. 


-3vl  =  vc 


d"c-oc-3i, +3i.  ,  d'L 


dt 


dt 


v 

1 

1 

CO 

1 

V 

+ 

CO 

_h_ 

-1 

1 

}l_ 

-1 

>Av,. 


...(i) 

...(ii) 


, .  ,  di2  di,  dvn 

45.  (A)  — f  =  v2  ,  ~^  =  v4  ,  —f  =  i5 
dt  dt  dt 


q  in 

=tAAAr 


O 


in 


l  n 

^SAA/ — 


1  H 


il  H 


l  f: 


Fig.  S6.7.45 

Now  obtain  v2 ,  v4  and  i.~  in  terms  of  the  state  variable 

- v ,  +  4  +  h  +  h  +  v„  =0 

But  i3  =  q  -  i2  and  i-  =  i3-i4 

-vt  +  4  +  (4  -  i2)  +  (4s  -i4)  +  va  =  0 

2  .  1  .  1  1 

l ,  =  —  In  +  ~  l4 - Vn  +  ~  V: 

1  3  3  3  3 


2  .  1  . 

V2  ~  b  —  4  77  U 

o  o 

.  .  .  1 .  1 . 

u  —  4  4  —  .  u  ^  (1  U  77  +  —  vf 

o 


2 

■  -U; 

3 

1 

3 


.  .  .  1.2.1  1 

4  —  ^ 3  4  —  b  T  b  „  vo  77 

O  O  O  O 

1.2.2  1 

V4=lR  +  V„=--l2--li+-V0  +  -Vi 


3  2  3  4 


“2  1  1" 

i2 

3  3  3 

12  2 

h 

~ 

3  3  3 

Vo 

12  1 

"co1 

CO 

CO 

3  3  3 

12  2 


A=  — —  -  ,  46.  (B)  B  = 

3  3  3 

1  2  1 

3  3  3 

47.  (D)  v0  is  state  variable 

y  =  va,  y  =  [0  0  1]  = 


43.  (A)  B  = 


3 

-1 


sf:4:s}s5f:s}ci|cslss}c 


44.  (B)  There  are  three  energy  storage  elements,  hence 
3  variable.  i2 ,  i4  and  va  are  available  in  differentiated 
form  hence  these  are  state  variable. 


Page 

386 


www.gatehelp.com 


GATE  EC  BY  RK  Kanodia 


Communication  System 


UNIT  7 


fBl  If  machine  is  not  properly  adjusted,  the  product 
resistance  change  to  the  case  where  ax  =10500.  Now 
the  rejected  fraction  is 

(A)  5046%  (B)  10.57% 

(C)  2.18%  (D)  6.43% 

EB  Cannon  shell  impact  position,  as  measured  along 
the  line  of  fire  from  the  target  point  is  described  by  a 
gaussian  random  variable  X.  It  is  found  that  15.15%  of 
shell  falls  11.2  m  or  farther  from  the  target  in  a 
direction  toward  the  cannon,  while  5.05%  fall  farther 
from  the  95.6  m  beyond  the  target.  The  value  of  ax  and 
az  for  X  is  (Given  that  F( 1.03)  =  0.8485  and 
F(L64)  =0.9495) 

(A)  T  +  40  m  and  50  m  (B)  T  +  40  m  and  30  m 

(C)  T  +  10  m  and  50  m  (D)  T  +  30  m  and  40  m 


^  A  gaussian  random  voltage  X  for  which  ax=  0  and 
ax  =  A2  V  appears  across  a  100  Q  resistor  with  a  power 
rating  of  0.25  W.  The  probability,  that  the  voltage  will 
cause  an  instantaneous  power  that  exceeds  the 
resistor’s  rating,  is 


(A)  2 Q\ 


(C)  1  +  Q 


(D)1-<ik) 


Statement  for  Question  13  -14  : 


Statement  for  Question  15-16: 

The  life  time  of  a  system  expressed  in  weeks  is 
Rayleigh  random  variable  X  for  which 


—  e"400 


0  <  x 


fx(x)  =  • 


200 


0 


x  <0 


a 


0  The  probability  that  the  system  will  not  last  a  full 
week  is 

(A)  0.01%  (B)  0.25% 

(C)  0.40%  (D)  0.60% 


The  probability  that  the  system  lifetime  will  exceed 
in  year  is 

(A)  0.01%  (B)  0.05% 

(C)  0.12%  (D)  0.22% 


EH  The  cauchy  random  variable  has  the  following 
probability  density  function 


fx(x)  = 


b  /  n 

b2  +(x  -  a)2 


For  real  numbers  0  <b  and  -oo<a<oo.  The 
distribution  function  of  X  is 

“’Mt) 


Assume  that  the  time  of  arrival  of  bird  at 
Bharatpur  sanctuary  on  a  migratory  route,  as 
measured  in  days  from  the  first  year  (January  1  is  the 
first  day),  is  approximated  as  a  gaussian  random 
variable  X  with  ax  =200  and  ax  =20  days.  Given  that : 
F(0.5)  =0.6915,  F(1.0)  =0.8413.,  F(  1.5)  =0.8531, 

FCL55)  =0.9394  and  F(2.0)  =0.9773. 

What  is  the  probability  that  birds  arrive  after  160 
days  but  on  or  before  the  210th  day  ? 

(A)  0.6687  (B)  0.8413 

(C)  0.8531  (D)  0.9773 

m  What  is  the  probability  that  bird  will  arrive  after 

231st  day  ? 

(A)  0.0432  (B)  0.1123 

(C)  0.0606  (D)  0.0732 
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(C)  -  +  -tan-1f^-^l 

2  71  ^  b  J 

(D)  -  +  -cot-1f— -1 
2  7i  v  b  J 

Statement  for  Question  18-19 

The  number  of  cars  arriving  at  ICICI  bank 
drive-in  window  during  10-min  period  is  Poisson 
random  variable  X  with  6=2. 

IT!1  The  probability  that  more  than  3  cars  will  arrive 

during  any  10  min  period  is 

(A)  0.249  (B)  0.143 

(C)  0.346  (D)  0.543 

The  probability  that  no  car  will  arrive  is 
(A)  0.516  (B)  0.459 

(C)  0.246  (D)  0.135 
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The  power  reflected  from  an  aircraft  of  complicated 
shape  that  is  received  by  a  radar  can  be  described  by  an 
exponential  random  variable  W.  The  density  of  W  is 

—  e~w!Wo  w>o] 

W0 

0  w  <0j 

where  WQ  is  the  average  amount  of  received  power. 
The  probability  that  the  received  power  is  larger  than 
the  power  received  on  the  average  is 

(A)  e“2  (B)  e'1 

(C)  1  - e1  (D)  1  -e  2 

Statement  for  Question  21-23: 

Delhi  averages  three  murder  per  week  and  their 
occurrences  follow  a  poission  distribution. 

m  The  probability  that  there  will  be  five  or  more 

murder  in  a  given  week  is 

(A)  0.1847  (B)  0.2461 

(C)  0.3927  (D)  0.4167 


^3  The  mean  of  random  variable  X  is 
(A)  1/4  (B)  1/6 

(C)  1/3  (D)  1/5 

The  variance  of  random  variable  X  is 
(A)  1/10  (B)  3/80 

(C)  5/16  (D)  3/16 

A  Random  variable  X  is  uniformly  distributed  op 
the  interval  (-5,  15).  Another  random  variable  Y  =e  5 
is  formed.  The  value  of  E\Y]  is 


(A)  2  (B)  0.667 

(C)  1.387  (D)  2.967 


A  random  variable  X  has  X  =  -3,  x2  =  11  and  ax  =2 
For  a  new  random  variable  Y  =  2x  -  3,  the  Y,  Y  and  cry 
are 

(A)  0,  81,  8  (B) -6,  8,  89 

(C)  -9,  89,  8  (D)  None  of  the  above 


On  the  average,  how  many  weeks  a  year  can  Delhi 
expect  to  have  no  murders  ? 

(A)  1.4  (B)  1.9 

(C)  2.6  (D)  3.4 

::  |  How  many  weeds  per  year  (average)  can  the  Delhi 
expect  the  number  of  murders  per  week  to  equal  or 
exceed  the  average  number  per  week  ? 

(A)  15  (B)  20 

(C)  25  (D)  30 

|  A  discrete  random  variable  X  has  possible  values 
xt  =i2,  i  =1,  2,  3,  4  which  occur  with  probabilities  0.4, 
0.25,  0.15,  0.1,.  The  mean  value  X  =£'[A]  of  X  is 

(A)  6.85  (B)  4.35 

(C)  3.96  (D)  1.42 

v  The  random  variable  X  is  defined  by  the  density 

1  -- 
fx(x)  =  —  u(x)e  2 
2 

The  expected  value  of  g(X)  =  X3  is 
(A)  48  (B)  192 

(C)  36  (D)  72 


Statement  for  Question  31-32  : 

A  joint  sample  space  for  two  random  variable  X 
and  Y  has  four  elements  (1,  1),  (2,  2),  (3,  3)  and  (4,  4). 
Probabilities  of  these  elements  are  0.1,  0.35,  0.05  and 


0.5 

respectively. 

ETfll 

The  probability  of  the 

event!  A  <2.5,  Y 

(A) 

0.45 

(B)  0.50 

(C) 

0.55 

(D)  0.60 

m. 

The  probability  of  the 

event  [X  <  3}  is 

(A) 

0.45 

(B)  0.50 

(C) 

0.55 

(D)  0.60 

Statement  for  Question  32-34  : 

Random  variable  X  and  Y  have  the  joint  distribution 


Fxy{x,  y)  — 


x  +  1 


-  e 


1  +  —  e 


-5yz 


5 

- e 

4 


u(y),  0  <  x  <  4 

x  <  0  or  y  <  0 
4  <  x  and  any  y  >  0 
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The  marginal  distribution  function  Fx{  x)  is 


(A) 


0, 


5x 


x,  >0 

,  -  4  <  x  <  4  (B) 


4(x  +  1) 

1,  x  <  -4 


(C) 


1, 


5x 


4(x  +  1) 

0, 


x  >0 

,  -  4  <  x  <0 
x  <  -4 


0, 


5x 


x  <0 


0  <  x  <  4 


4(x  +  1)  ’ 

1,  x  >  4 


(D) 


1, 


5x 


x  <0 


,  0  <  x  <  4 


4(x  +  1) ' 

0,  x  >  4 


The  marginal  distribution  function  Fx(x)  is 

(A)  \ - i-^[4(x)-4(x-4)] 

4  (x  +  l)2 


(B)  - - ?_[4(x)-4(x-4)] 

2  (x  +  l)2 


(C)  [4(x) -4(x -4)] 

4  (x  +  1) 


(D)  None  of  the  above 


The  marginal  distribution  function  FY(y )  is 
5 


—  e 

4 

l  +  -e~Sy2 

4 


y  >o 
y  <0 


(A) 


(B) 


(C) 


(D) 


raW  The  probability  P{  3  <  X  <  5,  1  <  y  <  2}  is 
(A)  0.001  (B)  0.002 

(C)  0.003  (D)  0.004 

Statement  for  Question  35-39  : 

Two  random  variable  X  and  Y  have  a  joint  density 

Fx  Y(x,y)  =  —  L«(x)  -  u{x  -  4)My)y3e”<*+1)>’ 

4 


[O’ 

y  >0 

1  +  —  e~5y2 

5  .,2 

- e  , 

y  <0 

{  4 

4 

r  -5  ..2 

—  e  , 

y  <0 

4 

1  1  -5y2 

1  +  -  e  5y 

5  _/ 
- e  , 

y  >0 

4 

4 

1  °’ 

y  <0 

]l  +  ie-5*2 

5  _,2 
- e  , 

y  >0 

l  4 

4 

The  marginal  density  fx(x)  is 


(A)  5 


u(x)  -  u(x  -  4) 
(x  +  1)2 


(B)  5 


w(x)  -  w(x  -  4) 
(x  +  1) 


5  u(x)  -  w(x  -  4) 
4  (x  +  l)2 


5  u(x)  -u(x  -  4) 
4  (x  +  1) 


fSTFP  The  marginal  density  fY(y)  is 

(A)  jy2[e~y2  -e~5y2]u(y) 

(B)  |  y2[e~y2  -e~5y2]u(y) 

(C)  \yVe~yl  -e_5v2]w(y) 

(D)  jy[e~y2  -e~5y2]u(y) 


2  The  marginal  distribution  function  FY(y)  is 


(A)  [l-e-y  ]u(y) 
(C)j[l-e~y2M  y) 


Y '■ 
-y2 


(B)  |[1  -e~y  My) 

(D)  None  of  the  above 


til  The  joint  distribution  function  is 

~(x  +  l)y2 


(A) 


x  +  e 


x  +  1 


-  e 


1  +  —  [e~5y2  -5e~y2], 

4 


(B) 


x  +  e 


~(.x+l)y‘ 


x  +  1 


-e 


l  +  -[e-5y2  - 5e~y2], 

2 


(C) 


x  +  e 


-(jc  +  1  )yz 


x  +  1 


-  e 


l  +  -[e-5y2  -5e~y2], 

4 


(D) 


x  +  e 


-O  +  l)/ 


x  +  1 
1  r „~5y2 


-  e 


1  +  [e  y  -5e~y 
2 


0  <  x  <  4  and  y  >0 
x  >  4  and  y  >  0 

0  <  x  <  4  and  y  >  0 
x  >  4  and  y  >  0 

0  <  x  <  4  and  y  >  0 
x  >  4  and  y  >  0 

0  <  x  <  4  and  y  >  0 
x  >  4  and  y  >  0 


a 

-  +  tan_1f -1 

+  tan_1f — T 

2 

[2  UJJ 

|_2  UJJ 

The  function 

Fx  Y(x,  y)  =  -^ 


is  a  valid  joint  distribution  function  for  random 
variables  X  and  Y  if  the  constant  a  is 

2 


(A) 

1 

—J2, 

(B) 

K 

(C) 

4 

K2 

(D) 
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31  Random  variable  X  and  Y  have  the  joint 
distribution  function 

0, 

27 
26 

27 
26 

27 
26 
1, 


TV  Y(  x,  y)  — 


x  <  0  or  y  <  0 

•H) 

0  <  x  <  1  and  1  <  y 

l<x  and  0  < y  <  1 

0  <  x  <  1  and  0  <  y  <  1 

The  probability 
{0  < X  <0.5,  0  <  Y  <025}  is 
(A)  0.13 
(C)  0.69 


1  <  x  and  1  <  y 
of  the  event 

(B)  0.24 
(D)  1 


Statement  for  question  42-43  : 

The  joint  probability  density  function  of  random 
variable  X  and  Y  is  given  by 

(*2+y2) 

Pxy(  xi  30  =  xVe  2  u(x)u(y ) 


£3  The  px(x)  is 
(A)  2 xe~*2u(x) 

(C)  xe~x2u(x) 

The  pY/x(y/x)  is 
(A)  \ye~y  u(y) 

_y2 

(C)  ye  2  u(y ) 


(B)  xe  2  u(x) 
(D)  2xe  2  u(x) 

(B)  ye'^uiy) 

_y^_ 

(D)  \  ye  2  u{y) 


S3  The  probability  density  function  of  a  random 
variable  X  is  given  as  fx(  x)  .  A  random  variable  Y  is 
defined  as  y  =  ax  +  b  where  a  <0.  The  PDF  of  random 
variable  Y  is 


(A)  bU 


(C  )-fx\ 

a 


y -b 

a 

y -b 


y -b 
a 

y -b 


The  function 


fx,r(x>  30  = 


be 


~(x+  y) 


(B)  af • 


(D)Jfx| 


0  <  x  <  a  and  0  <  y  <  oo 


[0  else  where 

is  a  valid  joint  density  function  if  b  is 


(A) 

(C) 


1-e 

1 

1-e" 


(B) 


1-e" 

(D)  None  of  the  above 


Statement  for  Question  46-47  : 

Random  variable  X  and  Y  have  the  joint  density 

1  -T-T 

fX  Y(x,y)  =  -u(x)u(y)e  4  3 

A 

The  probability  of  the  event  |2  <  X  <  4,  - 1  <  Y  <  51 
is 

(A)  0.1936  (B)  6.2964 

(C)  0  (D)  None  of  the  above 

m  The  probability  of  the  event  10  <  X  <  oo,  <  y  <  -2)  is 

(A)  0.2349  (B)  0.3168 

(C)  0.4946  (D)  None  of  the  above 

Ill  Let  X  and  Y  be  two  statistically  independent 
random  variables  uniformly  distributed  in  the  ranges  ( 
-1,  1)  and  (-2,  1)  respectively.  Let  Z  =  X  +  Y .  Then  the 
probability  that  (Z  <  -2)  is 

(A)  zero  (B)  1/6 

(C)  1/3  (D)  1/12 

?Til  The  probability  density  function  of  two  statistically 
independent  random  variable  X  and  Y  are 


fx(x)  =5  u{x)e 
fY(y)  =24(y)e 


-2y 


The  density  of  the  sum  W  =  X  +  Y  is 

(A)  f  [e'2“  -e5“]w(ud 
((B)  f  [e-2“  -e5“M w) 

(C)  l|[e-2“-e-5,]u( W) 

(D)  f  [e-2m  -e-5“M  w) 

^3  The  density  function  of  two  random  variable  X  and 
Y  is 


fXv(x>  3')  =  (  24 


0  <  x  <  6  and  0  <  y  <  4 


[0  elsewhere 
The  expected  value  of  the  function  g(x,  y)=(XY) 


is 

(A)  64 

(C)  32 
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The  density  function  of  two  random  variable  X  and 
Y  is 


fx,  y(*.  y) 


2  Tier2 


with  c2  a  constant.  The  mean  value  of  the  function 
g(X,Y)=X2  +  Y2  is 

(A)  a2  (B)  a 

(C)  2a2  (D)  2a 


3  The  value  of  a2x,  g‘y,  and  p  are  respectively 

1 


-^',-73 


(B) 


4  2  2 

n  n  i 

I?  2 

9  11  1 


i 

VI 


and  -3,1— 


and  -3, 


(C)  -V,  A  2-  ‘  and— 


4  2 


9  11  1 


VI 


1  2 


4  2 


(D)  —  ,  — ,  -  2--;=L  and--  — 


VI 


3  V  33 


1  2 


3  V  33 


Statement  for  Question  52-54  : 

The  statistically  independent  random  variable  X 
and  Y  have  mean  values  X  =  E[X~\=  2  and 
Y  =  E[Y~\  =  Y .  They  have  second  moments 
X2  =  E[X2]  =  8  and  Y2  =  E[Y2]  =25.  Consider  a  random 
variable  W  =  3X  -  Y. 


The  mean  value  of  the  random  variable 

W  =  {X  +  3Y)2  +  2X  +  3  is 

(A)  98  +  V3  (B)  98  -  VI 

(C)  49  -  V3  (D)  49  +  V3 


^3  The  mean  value  E\W]  is 

(A)  2  (B)  4 

(C)  8  (D)  25 


The  second  moment  of  W  is 
(A)  145  (B)  49 

(C)  97  (D)  0 


The  variance  of  the  random  variable  is 
(A)  4  (B)  45 

(C)  49  (D)  54 


^3  Two  random  variable  X  and  Y  have  the  density 
function 


ay 

fx,Y^x’  y) =  j  9 

0 


0  <  x  <  2  and  0  <  y  <  3 
elsewhere 


The  X  and  Y  are 

(A)  Correlated  but  statistically  independent 

(B)  uncorrelated  but  statistically  independent 

(C)  Correlated  but  statistically  dependent 

(D)  Uncorrelated  but  statistically  dependent 
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SOLUTION 


OO 

1.  (A)  P{X  >  1}  =  J  px(x)dx 

i 


xe  Xdx  =0.368 


=  FA900)  +  [1  -  FA  1100)] 


=  F 


900  -  a. 


C>, 


1-F 


1100 -a 


CTV 


=  F 


/  900-1000^1 


40 


1-F 


/ 11000  -1000 


r 


40 


=  F(-2.5)  +  1  -  F(2.5)  =  1  -  F(2.5)  +  1  -  F( 2.5)  =2  -2F(2.5) 
=  2  -2(0.9938)  =0.012  or  1.2  % 


0  I  2  -j 

2.  (C)  P|-1<X<2}  =  \--xexdx  +  \-xe-xdx 


=  1--  --^=0.429 
e  2e2 


3.  (A)  Test  1:  fx{x)> 0  is  true 
Test  2:  area  must  b 


Thus  b  =  —  In  13 
3 


4.  (C)  J p(i>)  =  1  =>  -Ak  =  l^k  =  - 


.  r  f*  .  1 

~fb  1 

i.e.  f —  dx  =  — 

J  4  4 

0  ^ 

_~3  3 

=  1 


Thus  p(p)  = 


kv  _  v 

T~  8 


x2p(x)dx  = 

fx2-d 

J0  8 

X 

[  —  e  2dx  = 

l-e~2 

J  0 

0  z 

3 

u(x) 


P(A)  =  Fx(3)  -  Fx(l)  =  e  2  -e  2  =0.3834 

2.5 

6.  (D)  P(B)  =  Fj-(2.5)  =  1  -e~*  =0.7135 

7.  (D)  C  =  A  nS  =  ]1<Z  <2.51 

1  2.5 

P(C)  =  FA2.5)  -  FA1)  =  e~*  -  e~ 2  =  0.3200 


10.  (B)  P(resistor  rejected)  =  F^^O  40  j  +  ^ 

-F[  1100^1050  j  =  F(-3.75)  +  1  -  F(L25) 

=  1 -F(  3.75) +  1-F(  125) 

=  2  -0.9999  -0.8944  =0.1057  or  20.57  % 

11.  (D)  P{x>T  +  95.6}  =0.0505 

=  1-  F {T  +  95-6"0*)  =  J  r  +  95.6  -<0  =  9,9495 


This  occurs  when  ^  +  ^5-6 — ^  =  1.64  ...(i) 


P{x<T  -112}  =0.1515 

=  F  ^  ~a ^  =  \-F  ~ax)  _  g485 


This  occur  when-  — — — —  =  1.03  ...(ii) 


Solving  (i)  and  (ii)  we  get  ax=T  +  30  and  ax  =40 


12.  (A)  0.25  exceeds  when  J - >021  or  Ixl  >5v 

100  1  1 

P(025W  exceeded)  =  P||x|  >5) 

=  P|x>5}+P|x<  -5}  =  l-P(x<5)  +  P|x<-5} 

=  l-pf5^0Vpf^0]  =  l-Fm  +  irrz5 

42  J  l  42  J  1 42  J  U 2 


=  1  -  F 


5 

42 


■1-'1 


8.  (A)  P(|X|  >2)  =P{2  <  x}  +  P{x  <  -2} 

=  1-  P|x<2)  +  Pjx<  -2}  =  1  -  F(  2)  +  F(- 2) 

We  know  that  for  gaussian  function  F(-x)  =  l-F(x) 
Thus  P(| X\  >  2)=  1  -  F(2)  +  1  -  F(2) 

=  2  -2F(2)  =2  -2(0.9772)  =0.0456 

9.  (C)  Rejected  resistor  corresponds  to  (x  <90012}  and 
|x  >1100  0}.  Fraction  rejected  corresponds  to 
probability  of  rejection. 

P  {resistor  rejected}  =P [X  <900}  +  P{X  <1100} 


13.  (A)  P{160  <  Z  <  120}  =  FY(210)  -  Fx(160) 

210  —  200  A  J  160-200"j 

20  J  t  20  J 

=  F(0.5)  -  F(-2)  =  F(0.5)  +  F( 2)  - 1 
=  0.6915  +  0.9773  - 1  =0.6687 

14.  (C)  P|Z  >  231}=  1  -  P|Z  <  231}  =  1  -  Fx(231) 

=  1  -  f[  231~2Q°1  =  1  -  F(1.55)  =  1  -0.9394  =0.0606 

l  20  ) 
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15.  (B)  We  use  the  Rayleigh  distribution  with  a  =0  and 
6  =  400 

i 

For  probability  P [X  <11=  Fx(  1)  =  1  -  e  400 
=  0.0025  or  0.25  % 

16.  (C)  P[X  >  52}  =  1  -  FJ52) 


=  1- 


1  -e4™ 


=  l-e  400  =0.00116  or  0.12  % 


|  ( b/n)du 


17.  (C)  Fx  =  |  fx(u)du  =  f 

i  +  (w-a) 

Let  v  =  u-a  and  do  =  du  to  get 


7  x-a 

b  r 

dv 

h 

l  j 

V^\ 

- 

—  tan 

- 

*  L 

b2  +  v2 

71 

L  b 

b)\ 

1  T  i(  x  -  a 

-  +  -  tan  - 

2  n  {  b 


18.  (B)  Here  fx(x)  =  e  2]m  —  5(x  -k) 
k=o\  kl  J 

P\x  >0)  =  1-P\x  <  3} 

=  1-P(x=0)  - P(x  =  1)  - P(x  =2)  - P(x  =  3) 

=  l-e-N  —  +  —  +  —  +  — }  =  1  -  e“2f  —  |  =  0.1429 
0!  2!  2!  3!  I  3 


19.  (D)  P(x  =0)  =e“ 


=  0.135 


20.  (B)  P{W>W01  =1-P{W  <W0)=l-Fw(W0) 


=  1- 


1  -  e 

Y  J 


21.  (A)  P  {5  or  more}=l  -P( 0)  -P(l)  -P( 2)  ~P(4) 


=  l-e 


3°  31  32  33  34 

- 1 - 1 - 1 - 1 - 

0!  11  2!  3!  4! 


131 

8 


22.  (C)  P(0)=e“3  =  0.0498 

average  number  of  week,  per  year  with  no  murder 
52e”3  =2.5889  week. 

23.  (D)  P  (3  or  more}=l-P(0) -P(l) -P(2) 

=  1  -  e-3 

Average  number  of  weeks  per  year  that  number  of 
murder  exceeds  the  average 


=  52|  l-—e  1  =  29.994  weeks 


24.  (B)  E[X]  =  X=£x,P(x,) 


=  10(0.4)  +  4(025)  +  9(0.15)  +  16(0.1)  =  4.35 


o°  i  X  A 

fl  3  o  ^ 

—  x e  z =  — 

6 

o  2  2 

lm*\ 

=  48 


10 


x  1 

26.  (A)  Mean  of  X  =  J  xfx(x)dx  =  J  *3(1  -  x)2dx  =  — 


27.  (B)  Variance  of  X  is  a2  =  E[X2]  -p2 

oo  1 

E  [X2]=  \x2fx(x)dx  =\x23a~x)2dx=  — 

-OO  0  ^ 

10  UJ  80 

Hence  B  is  correct  option 

x 

28.  (B)  Here  Y=g(X)=e^ 

00 

So  E[Y]  =  E[g(Y)]  =  j g(X)gx(x)dx  =  } e 


15  x 
5 


15  -(-5) 


-dx 


20 


-*  i 

-5e  5  =-[e1  -e“3]  =  0.667 

5 

J-5 


29.  (C)  E[Y]=  E[2X  -3]=2A  -3=2(-3)  -3  =  -9 
P[Y2]  =  P[(2Z  -3)2]  =  4A2 -12Z-9 
=  4(11)  - 12(-3)  -9  =  89 


a2=Y2  -Y2  =89  -92  =8 


30.  (A)  F-^yix,  y)  =  0.1w(x  -  1  )u(y  -  1)  +  0.35u(x  -  2 )u{y  -  2) 

+0.05m(x  -  3 )u{y  -  3)  +  0.5 u(x  -  y)u{y  -  4) 
P{X  <2.5,  Y  <m=fxr{25,  6.0)  =0.1 +  0.35  =0.45 

31.  (B)  P\X  <  3.01=  Fx( 3.0)  =  P^(3.0,  oo) 

=  0.1  +  0.35+0.05=0.5 


32.  (B)  Fx( x)  =  Fx  y( x,  oo) 


02 

1+3  +  — 

17  , 

=  l-  —  e"3  =  0.5768 

lim  — 

(  .  -(x  +  l)v2  A 

x  +  e  y  _v2 

- e 

2 

2 

l  x  +  1  J 

u(y)  = 


5x 


4(x  +  1) 


lim|  1  +  e  5 '  -|e  v  |  =  1 
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33.  (B)  FY(y)=  Fx  y(cc,  y) 
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=  J 5e  (w  y)u(w  -  y)u(y) 2e  2ydy  =  10  J  e  5w+3ydy,  w>0 

—oo  0 

=  —  u(w)[e~2w  -  e~5w] 

3 

oo  oo 

50.  (A)  E[(XY)2]  =  J  J  x2y2fXY(x,y)dxdy 


4  6  2  2 

-  ■  x  y 


[  f  - dx  dy  =  64 

J  J  24 


y=  0  x=0 


51.  (C)  £[£(Z,Y)]  =  J  jV+y2)' 


2  7tcr 


2  dxdy 


x  y  -y  -x 

f  x2e  2°2  ,  r  e  2°2  ,  r  y2e2a2  ,  r  e2°2  , 

=  J  ~TT^dy  +  J  “/T^J  ~TTxdx 

— oo  v  TCCT  — co  v  ^  TCC  — oo  \  TZC5 

Both  double  integral  are  of  the  same  form,  the  second 
factors  equal  1  because  they  are  area  of  a  gaussian 
density.  The  first  factor  equal  o2  because  they  are 
second  moment  of  gaussian  density  with  zero  mean  and 
variance  a2. 

Thus  E[g(x,  y)h  E[(x2  +  y2)] 2ct2 

52.  (A)  E\W]  =  E[3X  -Y]=3X  -Y  =6-4=2 


Thus  fjyfjij)  =  fx{x)  fY(y)  and  X  and  Y 
statistically  independent. 


56.  (C)  a2x=X2  -X2  =  —  - 1  —  I  =  - 


9 

4 


a\  =  Y2  -Y2  =—-( 2)2=  — 

2  v  ’  2 

Rxy=XY  =Cxy  +  XY= — ^—  +  -(2)  =-(2-^ 

2V3  2  2^  V3 


P  = 


Cy 


-1/2V3 


-1  2 


oxoy  (V914)(Vn/2)  3  V  33 


57.  (B)  W  =(X  +  3Y)2  +  2X  +  3 
=  3  +  2X  +  X2  +  6XY  +  9  Y2 

ive^iYa- n  ^i9 


=3+2 


9  =98 -Vs 


53.  (B)  E[W2\=E[{3X  -Yf]=E[9X2  -6XY  +  Y2\ 
=  6X2  -  6ZY  +  Y2  =9A^  -  6XY  +  Y2 

=  9(8) -6(2)(4) +  25  =  49 

54.  (B)  a2w=E[(W  -W)2]=  E\W 2  -2WW  +W2] 

=  W2  -W2  =49  -4=45 


00  00  3  2  2  2  o 

55.  (B)  Rxy=  J  J  xy  fx  Y(x,  y)  dxdy  =  J  J  X  ^  dxdy  =  - 

—00—00  c 

E[X}  =  \]^dxdy=\ 

E[Y}  =  \]X^dxdy=2 
n  n  9 


8 


Since  Rxy=-  =  E[X] E[Y]  =  2  -  =  -,  we  have  X  and  Y 


uncorrelated  form 


8 


From  marginal  densities  fx(x)  =  J  —  dy  =  — ,  0  <  x  <  2 


fY(y)  =  j^dy=^,  0<y<3 
0  y  y 

we  have  fx(x)  fY(y)  =  ,  0  <  x  <  2  and  0  <  y  <  3 
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RANDOM  PROCESS 


Statement  for  Question  1  -  4  : 

A  random  process  X(t)  has  periodic  sample 
functions  as  shown  in  figure  where  A,  T  and  4 10  <T  are 
constant  but  e  is  random  variable  uniformly  distributed 
on  the  interval  (0,  T). 


3  The  value  of  E\  X~(t)]  is 

t  A2 
(A) 


+  A  2 

(B) 

3  T 


Of  A2 
(C)  0 


3  T 


(D)  0 


3  The  value  of  a2x  is 


(A)  ^ 

T 


_2_ 

T 


t  A2  t 
(g)  ^0^  _  ^o_ 

T  T 


t  A 
(C)  -EA 

T 


3  T 


t  A2 
(D) 


3  T 


3  The  first  order  density  function  is 


(  T  §(x)  + 

(A)  T  ^  AT 

0 


0  <  x  <  A 

else  where 


(B)  T  2t°  +  2t°-[u(x)-u(x-A)l 
T  AT 


T  +  2 10  2t0 

- -5(x)  +  — 5- 

(CJ  y  AT 


(D) 


o  T 

— + 

T  AT 


0  <  x  <  A 

else  where 


3  The  value  of  EiXit)]  is 


(A)  ^ 
2  T 


t  A 
(B)  -^A 

T 


t  A 
(C) 

AT 


(D)  0 


]  An  ergodic  random  power  x(t)  has  an  auto-correlation 
function 


R xx (t)  =  18  +  — ^  2  1  +  4  cos(12x) 

6  +  T 


The 


X 


is 


(A)  ±Vl8 
(C)  ±Vl7 


(B)  ±Vl3 
(D)  +Vl8  ±  Vl7 


1  For  random  process  X  =  6  and 

Rxx(t,  t  +  T)  =  36  +  25e“ltl. 

Consider  following  statements  : 

1.  X(t)  is  first  order  stationary. 

2.  X(t)  has  total  average  power  of  36  W. 

3.  X(t)  is  a  wide  sense  stationary. 

4.  X(t)  has  a  periodic  component. 

The  true  statement  is/are 

(A)  1,  2,  and  4  (B)  2,  3,  and  4 

(C)  2  and  3  (D)  only  3 
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3  A  random  process  is  defined  by  X(t)  +  A  where  A  is 
continuous  random  variable  uniformly  distributed  on 
(0,1)-  The  auto  correlation  function  and  mean  of  the 
process  is 

(A)  1/2  &  1/3  (B)  1/3  &  1/2 

(C)  1  &  1/2  (D)  1/2  &  1 

Statement  for  Question  8  -  9  : 

A  random  process  is  defined  by 
Y(t)  =  X(t)cos(a>0t  +  0)  where  X(t)  is  a  wide  sense 
stationary  random  process  that  amplitude  modulates  a 
carrier  of  constant  angular  frequency  co0  with  a  random 
phase  0  independent  of  X(t)  and  uniformly  distributed 
on  (—71  /  jt). 

0  The  E[Y(t)]  is 

(A)  E[Xm  (B)  -E[X(t)] 

(C)  1  (D)  0 

jjJ  The  autocorrelation  function  of  Y(t)  is 

(A)  5;tx(x)cos(co0x)  (B)  —  Rxx(x)cos{(S)0t) 

2 

(C)  25JfX(x)cos(co0x)  (D)  None  of  the  above 


Statement  for  Question  10  -  11  : 

Consider  a  low-pass  random  process  with  a 
white-noise  power  spectral  density  Sx(<a)  =A/2  as 
shown  in  fig.P7.2.10-ll. 

SAt  co) 

,.4- 

2 


- - - -  CO 

-2nB  2nB 

Fig.P7.2.10-ll 

fTil  The  auto  correlation  function  Rx(i)  is 

(A)  2,4 5  sine  (27Tpx)  (B)  7t4B  sine  (2txPx) 

(C)  ,45  sine  (2tiPx)  (D)  None  of  the  above 


EH  The  power  Px  is 
(A)  2  NB 

(C)  NB 


(B)  nNB 
D)  DNB 


2k 


EH  If  X(t)  is  a  stationary  process  having  a  mean  value 
E[X(t)]  =  3  and  autocorrelation  function 
Rxx(x)  =  9  +  2e~M. 


The  variance 

(A)  1 
(C)  4.54 


of  random  variable  Y  =  |  X(t)dt  will  be 

(B)  2.31  0 
(D)  0 


m  A  random  process  is  defined  by  X(t)  =Acos(nt) 
where  A  is  a  gaussian  random  variable  with  zero  mean 

and  variance  cr2.  The  density  function  of  X(0) 

2  2 
X  X 

(A)  Jl  e  2oi  (B)  -j2naAe 

V  2ttcta 

(C)  0  (D)  1 


Statement  for  Question  14-15  : 

The  two-level  semi-random  binary  process  is 
defined  by 

X{t)  =A  or  -A 

where  (n-l)T<t<nt  and  the  levels  A  and  -A 
occur  with  equal  probability.  T  is  a  positive  constant 
and  n=  0,  +  1,  +  2 

JJ  The  mean  value  E\X(  Cl  is 
(A)  1/2  (B)  1/4 

(C)  1  (D)  0 

flil  The  auto  correlation  5JO-(/1  -  0.5 T,  t2  =0.7 T)  will  be 
(A)  1  (B)  0 

(C)  A2  (D)  A2/2 

A  random  process  consists  of  three  samples  function 
X(t,  s1)=2,  X(t,  s2)  =2cos  /j  and  X(t,  s3)=3sint-  each 
occurring  with  equal  probability.  The  process  is 

(A)  First  order  stationary 

(B)  Second  order  stationary 

(C)  Wide-sense  stationary 

(D)  Not  stationary  in  any  sense 


Statement  for  Question  17  -  19  : 

The  auto  correlation  function  of  a  stationary 
ergodic  random  process  is  shown  in  fig.P.7.2.17-19 


5xx(t) 
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The  mean  value  E\  A(ij] 

is 

(A)  50 

(B)  V50 

(C)  20 

(D)  V20 

[0  The  E[X\t)]  is 

(A)  10 

(B)  VTo 

(C)  50 

(D)  V50 

EE!  The  variance  <j2x  is 

(A)  20 

(B)  50 

(C)  70 

(D)  30 

EEI  A  complex  random  process  Z(t)  =  X(t)  +  jY(t)  is 
defined  by  jointly  stationary  real  process  X(t)  and  Y <  t). 
The  £[IZ(t)l2]  will  be 

(A)  2i?xy(0)  +  Rxx(0)  +  RyyiO)  (B)  R^i 0)  +  RyyiO) 

(C)  R^iO)  -  Ryy( 0)  (D)  RyyiO)  -  R^m 

33  Consider  random  process  X(t)  =  A0  cos(co0t  +  0) 
where  A0  and  ®0  are  constant  and  0  is  a  random 
variable  uniformly  distributed  on  the  interval  (0,  n).  The 
power  in  X(t)  is 

(A)  A2  (B)  |A2 

(C)  |A2  (D)  1 


^3  Two  zero  mean  jointly  wide  sense  stationary 
random  process  X(t)  and  Y(t)  have  no  periodic 
components.  It  is  know  that  o2x=5  and  cjy=10.  The 
function,  that  can  apply  to  the  process  is 


(A)  t)  =  6w(x)e  3t 
(C)  Rxyix)  =9(1  +  2e2)-1 


(B)  i?yy(l)  =5 


sin(3x) 

3x 


(D)  None  of  the  above 


3J  A  stationary  zero  mean  random  process  X(t)  is 
ergodic  has  average  power  of  24  W  and  has  no  periodic 
component.  The  valid  auto  correlation  function  is 
(A)  16  +  18cos(3x)  (B)  245a2(2ii) 

(-6t) 


(C) 


(1  +  3x  ) 


(D)  24S (t-x) 


^3  Air  craft  of  Jet  Airways  at  Ahmedabad  airport 
arrive  according  to  a  poisson  process  at  a  rate  of  12  per 
hour.  All  aircraft  are  handled  by  one  air  traffic 
controller.  If  the  controller  takes  a  2  -  minute  coffee 
break,  what  is  the  probability  that  he  will  miss  one  or 
more  arriving  aircraft  ? 

(A)  0.33  (B)  0.44 

(C)  0.55  (D)  0.66 


33  The  non  valid  power  spectral  density  function  of  a 
real  random  process  is 


(A)  8(co  +  oj0)  -  6( co  -  co0) 


(C)  6(00)  - 


(B) 


(O 


cn2  +25 


or  + 16 


(D) 


co2  +  16 


The  valid  power  density  spectrum  is 


(A) 


co" 


1  +  co  +  yco 
(C)  e”(“"1)2 


(B) 


co 


cn4  +  1 


■  -  8(co) 


(D)  - 


co  +  3  co  +  3 


A  power  spectrum  is  given  as 
P 

Pyxlco)  = 


\^<kw 


1  +  (co/  W)2 

0  |oa|  >  KW 


where  P,W,  and  K  are  real  positive  constants.  The 
sums  bandwidth  of  power  spectrum  is 


(A)  wjtan+k  -! 


(C)  w]tan—k  + 1 


(B)  W 


(D)  CO 


tan  1  k 


-1 


til  Consider  the  power  spectrum  given  by 


M  Delhi  airport  has  two  check-out  lanes  that  develop 
waiting  lines  if  more  than  two  passengers  arrives  in 
any  one  minute  interval.  Assume  that  a  poission 
process  describes  the  number  of  passengers  that  arrive 
for  check-out.  The  probability  of  a  waiting  line  if  the 
average  rate  of  passengers  is  2  per  minute,  is 
(A)  0.16  (B)  0.29 

(C)  0.32  (D)  0.49 


Pjoflco)  — 


\P  |co|  <W 
[0  jco|>W 


where  P  and  W  are  real  positive  constants.  The 
rms  bandwidth  of  the  power  spectrum  is 


W 

(A)  XL 

V2 

W 

(C)  XL 

V3 


w2 

(B)  — 
3 

w 

(D)  — 
2 
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Bill  For  a  random  process  Rxxix)  =Pcos4(co0t)  where  P 
and  ra0  are  constants.  The  power  in  process  is 
(A)  P  (B)  2 P 

(C)  3 P  (D)  4P 

ST1  A  random  process  has  the  power  density  spectrum 


p^ico)  — 
(A)  1/4 
(C)  5/8 


[l+t^r 


The  average  power  in  process  is 
(B)  3/8 
(D)  1/2 


Bftl  A  deterministic  signal  Acos(ra0t),  where  A  and  co0 
are  real  constants  is  added  to  a  noise  process  Nit)  for 
which  p  AW(  ra)  -  2  and  W  >0  is  a  constant.  The  ratio 

of  average  signal  power  to  average  noise  power  is 


(A)  1 

(C)^ 

W 


(B)  — 

W 

A2 
(D)  — 

W 


The  autocorrelation  function  of  a  random  process 
Xit )  is 

Rxxit,  t  +  t)  =  12eyt2  cos2(24/) 

The  Rxxix)  is 
(A)  6e"4t2 
(C)  48e“4T2 


(B)  12e"4t2 

(D)  None  of  the  above 


If  X(t)  and  Yit)  are  real  random  process,  the  valid 
power  density  spectrum  /^(ra)  is 


(A) 


6  +  7® 
(C)  3  +  yco2 


(B) 


4e 


1  +  ra 
(D)  185(ra) 


The  cross  correlation  of  jointly  wide  sense 
stationary  process  Xit)  and  Yit)  is  P^.ft)  =  Au(i)e4ft 
where  A  >0  and  W  >0  are  constants.  The  p^Iro)  is 

A 


(A)  2A  2 

(B) 

W2  -  ra2 

(C)  w  A  ■ 

(D) 

VV  +  JCO 

Wl  +  ra2 
A 

W-j<a 


BTil  A  random  process  Xit)  is  applied  to  a  linear  time 
invariant  system.  A  response  Yit)  =  Xit)  -  Xit  -  x) 
occurs  when  t  is  a  real  constant.  The  system’s  transfer 
function  is 

(A)  1  -  eJ<m  (B)  2  je-]onl2  sin  f 


(C)  2  je-Jmz/ 2 


cos  - 


(D)  1 


Blr#  A  random  process  X(t)  has  an  autocorrelation 
function  P^a-lx)  =A2+Se_ltl  Where  A  and  R  are 
constants.  A  system  have  an  input  response 

°~m  0  <t 


hit)  = 


0  t  <0 


where  W  is  a  real  positive  constant,  which  X(t)  is 
its  input.  The  mean  value  of  the  response  is 


ia>£ 

(B)  -RR 

w 

2  W 

9  A 

C  — 

w 

(D)  0 

|  In  previous  question  if  impulse  response  of  system  is 
e 


hit)  = 


-  wsin(ron/)  0</ 


0 


t  <0 


where  W  and  ro0  are  real  positive  constants,  the 
mean  value  of  response  is 


(A) 

Ara0 

(B) 

ra2  +W2 

(C) 

2Af  1  ) 

(D) 

«o  U3+W2J 

2®n 


w2 


2  ran  l  ra„  +W 


Bill  A  stationary  random  process  Xit)  is  applied  to  the 
input  of  a  system  for  which  hit)  =  3u(t)t2e  Ht.  If 
E[Xit)]=  2,  the  mean  value  of  the  system’s  response 
Yit)  is 

(A)  £  (B)  i 

(C)  ^  (D)  i 


Statement  for  Question  40-41  : 

A  random  process  Xit)  is  applied  to  a  network  with 
impulse  response  hit)  =  uit)te~a‘  where  a>0  is  a 
constant.  The  cross  correlation  of  Xit)  with  the  output 
Yit)  is  known  to  have  the  same  form  R^ix)  =ui x)xe~"z 

H  The  auto  correlation  of  Y(t)  is 


(A) 

4a3 

(O  4  +  ax^, 

8a2 


(B)  +  c~aM 


3  a2 


(D) 


4a3 


■  °X  -a  1,1 


m  The  average  power  in  Yit)  is 


1A1  -j-j 
4  a3 


(C)3^ 


(B)  4 


(D)  None  of  the  above 
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Statement  for  Question  42  -  43  : 

A  random  noise  X(t)  having  a  power  spectrum 
p  ^(w)  =  is  applied  to  a  differentiator  that  has  a 


transfer  function  H{  co)  =  jax  The  output  is  applied  to  a 
network  for  which  h(t)  =  u(t)t2e~ 7‘ 

A3  The  average  power  in  X(t)  is 
(A)  5/21  (B)  5/24 

(C)  5/42  (D)  3/14 


(A) 

(C) 


The  power  spectrum  of  Y{t)  is 

4  co2  /T,,  12  co2 


(49  +  oo2)3 
42  co3 

(49  +  co2)2 


(B) 


(49  +  co2)4 
(D)  None  of  the  above 


White  noise  with  power  density  .40/2  is  applied  to  a 
lowpass  network  for  which  |i?(0)|=2.  It  has  a  noise 
bandwidth  of  2  MHz.  If  the  average  output  noise  power 
is  0.1  W  in  a  1-Q  resistor,  the  value  of  -40  is 
(A)  12.5  nW/Hz  (B)  12.5  pW/Hz 

(C)  25  nW/Hz  (D)  25  pW/Hz 

fhlj  An  ideal  filter  with  a  mid-band  power  gain  of  8  and 
bandwidth  of  4  rad/s  has  noise  X(t)  at  its  input  with 
power  spectrum  p^fw)  =  -Jt-e““2/s.  The  noise  power  at 
the  network’s  output  is  (F( 2)  =0.9773) 

(A)  60.8  (B)  90.3 

(C)  20.2  (D)  100.4 

White  noise  with  power  density  -40/2  =  6  pW/Hz  is 
applied  to  an  ideal  filter  of  gain  1  and  bandwidth  W 
rad/s.  If  the  output’s  average  noise  power  is  15  watts, 
the  bandwidth  W  is 

(A)  2.5  x  10“6  (B)  2.5nx  10“6 

(C)  5  x  1(T6  (D)  ti5  x  1CL6 


m  A  system  have  the  transfer  function  |i7(co)|2  =  — 


(to /W)4 


where  W  is  a  real  positive  constant.  The  noise 
bandwidth  of  the  system  is 

(A)|nWV2  (B)i;iWV2 

(C)  ^kW^2  (D)  None  of  the  above 


SOLUTION 


1.  (A)  Let  e  have  value  e.  Now 

P{X  <x|e=e)  =Fx(X le=e)  and  for  any  e  must  be  zero 
for  jc<0  because  x(t)  is  never  negative.  The  event 
{X  <0)  is  satisfied  whenever  x(t)  is  zero.  This  happens 
during  the  fraction  of  time  (T  -2t0)  /  T.  Hence 
Fx(x\e=e)  =[(T -2T0) /  T}u(x).  For  0<x<A  the 
additional  time  interval  or  fraction  of  time  where  X  <  x 


becomes  2  to  2/0x  /  AT. 

Thus  Fx(x \e=e)  =1  ^  ^ to  \u(x ) 


T 

=  1,A  <  x 

=  0,x  <0 

By  differentiation 
T-  2tn 


2 t„x  „  ^  . 

—5—,  0  <x<A 

AT 


fx(x\e=e)  = 


5 (x)  ■ 


=^-,0  <x<A 
AT 


=  0  else  where 
fx  e(x,  e)  =  fx(xe=e)fje) 


T-2L 


ISC*)- 


2  T 


T2  )  AT2 

00 

fx(x)  =  J  fx  J.x,  e)de 


^-,0  <  x  <  A  and  0  <  e  <  T 


T-2tn 


8 (x) 


o  t 

<x<a 

AT 


=  0  elsewhere. 


2.  (B)  Fl-Xf/)]  =  j  xfx(x)dx 


I 


T -It, 


■  |s( x)dx  4-  [  ^ °X  dx  =  Z^~ 

J  AT  T 


tnA 


AT 


®  r2  9t  A 2 

3.  (C)  E[X2m  =  j  x2fx{x)dx  =  | 


AT 


3  T 


4.  (D)  a2x  =  E[X\t)l-{E[X(t)]}2 


2 t0A2  t\A  _  t0A 


3  T 


3  T 


5.  (A)  We  know  that  (i)  if  X< t)  has  a  periodic  component 
then  J?n(i)  will  have  a  periodic  component  with  the 

same  period,  (ii)  if  E\_X({j\  =  X+  0  and  X(t)  is  ergodic 

- 2 

with  no  periodic  components  then  lim  x)  -X 

I T  I  — >O0 

Thus  we  get  Ixl  =  18  or  X=  +Vl8^ 
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6.  (C)  X  =  Constant  and  Af^fx)  is  not  a  function  of  t,  so 
X(t)  is  a  wide  sense  stationary.  So  1  is  false  &  3  is  true. 
P^=  R^i 0)=36  +  25  =  61. 

Thus  2  is  false  if  X{t)  has  a  periodic  component,  then 
Rxx(t)  will  have  a  periodic  component  with  the  same 
period.  Thus  4  is  false. 

i  i 

7.  (B)  Rxx{t,t  +  A  =  E[X(t)X(t  +  A]  =  E[A2]  =  \a2da  =  - 

l  3 

_  i  I 

X=  E[X(t)]  =  E[A]  =  \ada  =  — 

l  2 


13.  (A)  For  t  =  0,X(0)=A,  So  fx(x)  =  -j= — e  2°a 

v27iaA 

14.  (D)  X[X(£)]  =  AP(A)+(-A)P(-A)  =  — -  — =0 

2  2 

15.  (C)  Here  R^it^,  ^)=^2 

If  both  and  t2  are  in  the  same  interval 
( n  - 1  )T  <t,t2  <  nT,  n  =0,±,±2... 
and  Rxxiti,  t,A )  =  0  otherwise 
Hence  R^iOLT,  0.7 T)=A2 


8.  (D)  E[Y(t) }  =  E[X(t)  cos(ra0t  +  0)] 

V  1 

=  Ex[X{t)]  fcos(ro0t  +  0)  —  c£0=O 
-x  2  71 

where  Ex[-]  represent  expectation  with  respect  to  X 
only 

9.  (B)  Ryyit,  t  +  t) 

=  B[X(t)cos(®0x  +  0)X(t  +  x)cos(ro0t  +  0  +  oo0x)] 

=  RxxiA  —  [cos(co0t)  +  cos(2®0t  +  20  +  ra0x)] 

2 

=  —  R^i  t)  cos(®0x) 

2 


SC(®)  =  — rectf  — ^-1 


10.  (C)  SJa) 

2  ^4nb  ) 

We  know  that  Rx(  x)< - >Sx(co) 

—  sin(  Wt)< - >  rect  f  -05- 

7i  l^2W 

Here  W  =2nB 

__  I  )  A  r 

Hence  RJx)  = - —  sin  (2nBi)  =  .  \B  sine  (2tlBx) 

it  2 


11.  (C)  Px=  X2  =  Rx( 0)  =  NB  since  sine  (0)  =  1 

2  2  2 

12.  (C)  E[Y]  =  B[J  X(t)dt  =  J  E\X(t)]dt  =  3j  dt  =  6 

0  0  0 

2  2  2  2 

E[Y2\  =  B[J  X(t)dt\  X(u)du ]]  =  j  j  E[X(t)X(u)du  dt] 
0  0  0  0 

2  2  2  2 

=  J  J  R^it  -  u)dt  du  =  J  |  [9  +  2e_l‘““'  ]dt  du 
0  0  0  0 

2  2 

=  36  +  2  J  J  e~H-u'dt  du  =  4(10  +  e“2) 


o2  =E[Y2]-(E\Y])2  =  4(1  +  e-2)  =  4.541 


16.  (D)  Let  xA  =2,  x2  =2cos t  and  x3  =  3sin(£) 

Then  fx(x)  =  —  d(x  -  x, )  +  —  8(x  -  x2)  +  —  S(x  -  x3) 
2  3  3 

OO 

and  E[X(t)]  =  J  xfx(x)dx 


=  —  [2  +2  cos  t  +  3  sin  t ] 

3 

The  mean  value  is  time  dependent  so  X(t)  is  not 
stationary  in  any  sense. 


17.  (D)  We  know  that  for  ergodic  with  no  periodic 
component 

lim  Ry^fx)  =  X  ,  Thus  A  =20  or  X=~j20 

Ixl— 


18.  (C)  R^O)  =  E[ X2m  =  B^( 0)  =  50  =  X2 

19.  (D)  CT^X2  -X2  =50  -20  =  30 

20.  Here  X  =  0,  Y  =  0,  R^i 0)  =  5,  ct2  =  Ryy(0)  =  10 
For  (A)  :  Function  does  not  have  even  symmetry 
For  (B)  :  Function  does  not  satisfy  Bn,(0)  =10 

For  (C)  :  Function  does  not  satisfy 

IR^^yjR^mRyyiO)  =V50 


21.  (D)  For  (A)  :  It  has  a  periodic  component. 

For  (B)  ;  It  is  not  even  in  x,  total  power  is  also  incorrect. 
For  (C)  It  depends  on  t  not  even  in  x  and  average  power 
is  oo. 

22.  (A)  P  (miss/or  more  aircraft )=  1  -  P(miss  0) 

=  1-P  (0  arrive)  =  l-(Ai)  6 

0! 
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ElY(t)]  =  A\h(£)dt>  =  A\ e-mdt  =  A 


38.  (A)  X  =  A 


ElY(t)]  =Y=X\  h(t)dt  =  A\ e~m  sin((o 0t)dt  = 


39.  (C)Y=  Z  [  h(t)dt  =  2  [  3 t2e~stdt  =  — 

L  l  128 


Acon 


ra2  +W- 


So  W  =  2.577  x  106 


47.  (B)  Noise  bandwidth  W=- 


j|JT(co)|2rfco 


HO 


Wn  =j|H(o))|2rfcosince  H(0)  =1  =  J- 

n  n  1 


d($  n  W 


q  1  +  (co/ W)4  2V2 


40.  (D)  i?yy(T)=  |  Fw(x  +  tyhitydt, 

—00 

00 

\u(Z)u(Z,+  T)(T^+^)e-20^ 


=  e 


There  are  two  cases  of  interest  x  >  0  and  x  <  0  Since 
Ry y(x)  is  an  even  function  we  solve  only  the  ease  x  >0 


RYY(x)  =  e-“'  J(x^+^2)e-2a^  = 


1  +  ax 

^a1 


at 


41.  (B)  Power  in  y{t)  =  Fyy(O)  = 


4a8 


1  CO  Q  CO 

42.  (D)Pffi4}pHWco4j 
2n  J  2n  J 


dco 


2k  j  49  +  or  14 


43.  (B )h,  =  49t)t  e~7‘ 


Syy(CO)  =  Sn((0)  =  = 


(7  +  » 

12  co2 


=  HJa) 


(49  +  co2)4 


44.  (A)  Pyy  = 


N0|H(0)|  W„ 


2  71 


=  0.1 


So  N„  = 


2  tc(0.1) 


277(0.1) 


\H(0)fWn  (2)22t7x2x  106 
=  125  x  10  8  W/Hz  =  12.5  nW/Hz 

45.  (A)  Pyy=—  ?pAX(co)|iT(co)|2c(a) 
2?t 

M2 

J_  f  50  -x(8)rim  _  200  r  e~2(“) 

277  ]  V877  17 

200 


77  {  V2^4) 


[F( 2)  -  F(-2)]  =  —  [2F(2)  - 1)]  =  60.8 

71  7t 


46.  (B)  Pyy  =  —  I pAX(co)|iT(a))|2(ico 
=  Af6xl0-eda)=6xl0-6W  =  6xl0-8W=15 

277  Jw  77  77 
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3  The  power  spectral  density  of  a  bandpass  white  noise 
nit)  is  Jf  1 2  as  shown  in  fig.P.7.3.1.  the  value  of  n2  is 

S^ra)  _^|  4jtB  |^_ 


(A)  ./IB 
(C)  2t xAB 


Fig.  P7.3.1 

(B  2.  IS 
,4 B 
n 


(D) 


3  In  a  receiver  the  input  signal  is  100  pV,  while  the 

internal  noise  at  the  input  is  10  pV.  With  amplification 

the  output  signal  is  2  V,  while  the  output  noise  is  0.4  V. 

The  noise  figure  of  receiver  is 

(A)  2  (B)  0.5 

(C)  0.2  (D)  None  of  the  above 

H  A  receiver  is  operated  at  a  temperature  of  300  K.  The 
transistor  used  in  the  receiver  have  an  average  output 
resistance  of  1  kQ.  The  Johnson  noise  voltage  for  a 
receiver  with  a  bandwidth  of  200  kHz  is 
(A)  1.8  pV  (B)  8.4  pV 

(C)  4.3  pV  (D)  12.6  pV 


j  A  resistor  R  =1  kfl  is  maintained  at  17°C.  The  rms 
noise  voltage  generated  in  a  bandwidth  of  10  kHz  is 
(A)  16  x  1014  V  (B)  0.4  p  V 

(C)  4  p  V  (D)  16  x  1018  V 


|  A  mixer  stage  has  a  noise  figure  of  20  dB.  This  mixer 
stage  is  preceded  by  an  amplifier  which  has  a  noise 
figure  of  9  dB  and  an  available  power  gain  of  15  dB. 
The  overall  noise  figure  referred  to  the  input  is 
(A)  11.07  B)  18.23 

(C)  56.48  (D)  97.38 

3  A  system  has  three  stage  cascaded  amplifier  each 

stage  having  a  power  gain  of  10  dB  and  noise  figure  of  6 

dB.  the  overall  noise  figure  is 

(A)  1.38  (B)  6.8 

(C)  4.33  (D)  10.43 

J  A  signal  process  m(t)  is  mixed  with  a  channel  noise 
n(t).  The  power  spectral  density  are  as  follows 

6 


SJ  to)  =- 


9 


S„(<d)  =  6 


The  optimum  Wiener-Hopf  filter  is 


(A) 


(C) 


co 

CO2 


CO 


i9 

10 

10 


(B) 


co 


10 


(D)  None  of  the  above 


Statement  for  Question  8-9 

A  sonar  echo  system  on  a  sub  marine  transmits  a 
random  noise  nit)  to  determine  the  distance  to  another 
targeted  submarine.  Distance  R  is  given  by  vxR  /  2 
where  u  is  the  speed  of  the  sound  wave  in  water  and  xR 
is  the  time  it  takes  the  reflected  version  of  nit)  to 
return.  Assume  that  nit)  is  a  sample  function  of  an 

ergodic  random  process  Nit)  and  T  is  very  large. 
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S3  The  V  will  be 

(A)  2 Rnn(xr  —  Tjt) 

(C)  Rpfpj(,Tfi  —  Tji) 


(B)  Rnn( xr  -2xt) 
(D)  |  Rnn(  xr  -  xT) 


U  What  value  of  the  delay  xT  will  cause  v  to  be 
maximum  ? 

(A)  xR  (B)  2xr 

(C)  3tb  (D)  None  of  the  above 

S3  Two  resistor  with  resistance  R1  and  R2  are 
connected  in  parallel  and  have  Physical  temperatures 
Tx  and  T2  respectively.  The  effective  noise  temperature 
Ts  of  an  equivalent  resistor  is 


(A) 

(C) 


T\R\  +  T2R2 
R1  +  R2 

T1T2(R1  +  R.2f 
( 'I l  +  T2)RxR2 


(B) 

(D) 


Tt  R,  +  T2Rl 
R1  +  R2 

(^i  +  T2)R1R2 
t3  +  t2{R1  +  r2)2 


Statement  for  Question  11-12  : 

An  amplifier  has  a  standard  spot  noise  figure 
F0  =  6.31  (8.0  dB).  The  amplifier,  that  is  used  to  amplify 
the  output  of  an  antenna  have  antenna  temperature  of 
T  =  180  K 


EH  The  effective  input  noise  temperature  of  this 
amplifier  is 

(A)  2520  K  (B)  2120  K 

(C)  2710  K  (D)  1540  K 

m  The  operating  spot  noise  figure  is 
(A)  3.2  dB  (B)  6.4  dB 

(C)  9.8  dB  (D)  11.9  dB 

IP  An  amplifier  has  three  stages  for  which  T ,  =  200  K 
(first  stage),  Te2  =  450  K,  and  Te3  =  1000K  (last  stage).  If 
the  available  power  gain  of  the  second  stage  is  5,  what 
gain  must  the  first  stage  have  to  guarantee  an  effective 
input  noise  temperature  of  250  K  ? 

(A)  10  (B)  13 

(C)  16  (D)  19 

Statement  for  Question  14-16 

An  amplifier  has  an  operating  spot  noise  figure  of 
10  dB  when  driven  by  a  source  of  effective  noise 
temperature  225  K. 


EES  The  standard  spot  noise  figure  of  amplifier  is 
(A)  4  dB  (B)  5  dB 

(C)  7  dB  (D)  9  dB 

If  a  matched  attenuator  with  a  loss  of  3.2  dB  is 
placed  between  the  source  and  the  amplifier’s  input, 
what  is  the  operating  spot  noise  figure  of  the  attenuator 
amplifier  cascade  if  the  attenuator’s  physical 
temperature  is  290  K  ? 

(A)  9  dB  (B)  10.4  dB 

(C)  11.3  dB  (D)  13.3  dB 

In  previous  question  what  is  the  standard  spot  noise 
figure  of  the  cascade  ? 

(A)  10.3  dB  (B)  12.2  dB 

(C)  14.9  dB  (D)  17.6  dB 

EES  Omega  Electronics  sells  a  microwave  receiver  (A) 

having  an  operating  spot  noise  figure  of  10  dB  when 

driven  by  a  source  with  effective  noise  temperature  130 

K  Digilink  (B)  sells  a  receiver  with  a  standard  spot 

noise  figure  of  6  dB.  Microtronics  (C)  sells  a  receiver 

with  standard  spot  noise  figure  of  8  dB  when  driven  by 

a  source  with  effective  noise  temperature  190  K.  The 

best  receiver  to  purchase  is 

(A)  A  (B)  B 

(C)  C  (D)  all  are  equal 

Statement  for  Question  18-20  : 

An  amplifier  has  three  stages  for  which  Tel  =  150  K 
(first  stage),  Te2  =  350  K,  and  Te3  =  600  K  (output  stage). 
Available  power  gain  of  the  first  stage  is  10  and  overall 
input  effective  noise  temperature  is  190  K 

m  The  available  power  gain  of  the  second  stage  is 
(A)  12  (B)  14 

(C)  16  (D)  18 

The  cascade’s  standard  spot  noise  figure  is 
(A)  1.3  dB  (B)  2.2  dB 

(C)  4.3  dB  (D)  5.3  dB 

ETil  What  is  the  cascade’s  operating  spot  noise  figure 
when  used  with  a  source  of  noise  temperature  Ts  =  50  K 
(A)  1.34  dB  (B)  3.96  dB 

(D)  None  of  the  above. 
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m  Three  network  are  cascaded.  Available  power  gains 
are  G1  =  8,  G2  =  6  and  G3  =20.  Respective  input  effective 
spot  noise  temperature  are  Tel  =  40  K,  Te2  =  100  K  and 
TeS  =  180  K. 

(A)  58.33  K  (B)  69.41  K 

(C)  83.90  K  (D)  98.39  K 

Three  identical  amplifier,  each  having  a  spot 
effective  input  noise  temperature  of  125  K  and  available 
power  G  are  cascaded.  The  overall  spot  effective  input 
noise  temperature  of  the  cascade  is  155  K.  The  G  is 
(A)  3  (B)  5 

(C)  7  (D)  9 


SSI  Three  amplifier  that  may  be  connected  in  any  order 
in  a  cascade  are  defined  as  follows: 


Amplifier 

Effective  Input  Noise 
Temperature 

Available  Power 
Gain 

A 

110  K 

4 

B 

120  K 

6 

C 

150  K 

12 

The  sequence  of  connection  that  will  give  the 
lowest  overall  effective  input  noise  temperature  for  the 
cascade  is 

(A)  ABC  (B)  CBA 

(C)  ACB  (D)  BAC 

21  What  is  the  maximum  average  effective  input  noise 
temperature  that  an  amplifier  can  have  if  its  average 
standard  noise  figure  is  to  not  exceed  1.7  ? 

(A)  203  K  (B)  215  K 

(C)  235  K  (D)  255  K 


elements  that  can  be  modeled  as  an  impedance 
matched  attenuator  with  an  overall  loss  of  2.4  dB  and  a 
physical  temperatures  of  275  K.  The  overall  system 
noise  temperature  of  the  receiver  Tsys  =  820  K. 

21  The  average  effective  input  noise  temperature  of  the 
receiver  is 

(A)  420.5  K  (B)  320.5  K 

(C)  220.5  K  (D)  10.5  K 

The  average  operating  noise  figure  of  the 
attenuator-receiver  cascade  is 
(A)  13.67  d  (B)  11.4  dB 

(C)  1.4  dB  (D)  1.367  dB 

If  receiver  has  an  available  power  gain  of  110  dB 
and  a  noise  bandwidth  of  10  MHz,  the  available  output 
noise  power  of  receiver  is 
(A)  6.5  mW  (B)  8.9  mW 

(C)  10.3  mV  (D)  11.4  mV 

EESI  If  antenna  attenuator  cascade  is  considered  as  a 
noise  source,  its  average  effective  noise  temperature  is 
(A)  63  K  (B)  149  K 

(C)  263  K  (D)  249  K 

Statement  for  question  30-32  : 

An  amplifier  when  used  with  a  source  of  average 
noise  temperature  60  K,  has  an  average  operating  noise 
figure  of  5. 

BTil  The  Te  is 

(A)  70  K  (B)  110  K 

(C)  149  K  (D)  240  K 


^3  An  amplifier  has  an  average  standard  noise  figure 
of  2.0  dB  and  an  average  operating  noise  figure  of  6.5 
dB  when  used  with  a  source  of  average  effective  source 
temperature  T..  The  T  is 


If  the  amplifier  is  sold  to  engineering  public,  the 
noise  figure  that  would  be  quoted  in  a  catalog  is 
(A)  0.46  (B)  0.94 

(C)  1.83  (D)  2.93 


(A)  156.32  K 
(C)  48.93  K 


(B)  100.81  K 

(D)  None  of  the  above  S3  What  average  operating  noise  figure  results  when 

the  amplifier  is  used  with  an  antenna  of  temperature 


Statement  for  Question 

An  antenna  with  average  noise  temperature  60  K 


30  K  ? 

(A)  9.54  dB 


connects  to  a  receiver  through  various  microwave  (C)  11.23  dB 
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IeJ  An  engineer  of  RS  communication  purchase  an 
amplifier  with  average  operating  noise  figure  of  1.8 
when  used  with  a  60  Q  broadband  source  having 
average  source  temperature  of  80  K.  When  used  with  a 
different  60  Q  source  the  average  operating  noise  figure 
is  1.25.  The  average  noise  temperature  of  the  source  is 

(A)  125  K  (B)  156  K 

(C)  256  K  (D)  292  K 

The  Te  for  unit  1  and  2  unit  are,  respectively 

(A)  126.4  K  and  256.9  K 

(B)  256.9  K  and  126.4  K 

(C)  527.8  K  and  864.2  K 

(D)  864.2  K  and  527.8  K 

The  excess  noise  power  of  unit  1  and  unit  2  are 
respectively 

(A)  15.4  nW  and  27.1  nW 

(B)  23.8  nW  and  21.1  nW 

(C)  23.8  nW  and  27.1  nW 

(D)  15.4  nW  and  21.1  nW 

STil  Consider  following  statement 

51  :  If  the  source  noise  temperature  T~  is  very  small, 
unit-2  is  the  best  to  purchase 

52  :  If  the  source  noise  temperature  T,  is  very  small 
unit  -  1  is  the  best  to  purchase. 

correct  statement  is 

(A)  S1  (B)  S2 

(C)  both  S1  and  S2  (D)  None 


£73  A  source  has  an  effective  noise  temperature  of 
T(m)  =  800  ,  and  feeds  an  amplifier  that  has  an 
available  power  gain  of  Ga( to)  )  •  The  Ts  for  this 


source  is 
(A)  10  K 
(C)  30  K 


(B)  20  K 
(D)  40  K 


(A)  1/W 
(C)  4.5  /  W 


(B)  2.5  /  W 
(D)  6  /  W 


£Til  White  noise,  for  which  (t)  =  10  28(t)  is  applied  to 
a  network  with  impulse  response  h(t)  =  4(/)3-fe~4'  The 
network’s  output  noise  power  in  a  1  Q  resistor  is 
(A)  0.15  mW  (B)  0.35  mW 

(C)  0.55  mW  (D)  0.95  mW 

ETfl  White  noise  with  power  density  N0/2  =  6(10“6)  W/Hz 
is  applied  to  an  ideal  fitter  (gain=  1)  with  bandwidth  W 
(rad/sec).  For  output’s  average  noise  power  to  be  15  W, 
the  W  must  be 

(A)  2.5ti(10  6)  (B)  -2.5<106) 

(C)  4.5tt(10'2)  (D)  4.5tt(106) 

[0  An  ideal  filter  with  a  mid-band  power  gain  of  8  and 
bandwidth  of  4  rad/s  has  noise  X(t )  at  its  input  with 
power  spectrum  (F( 2)  =0.9773) 

P;dc((0)  =  [~]k}  8 


The  noise  power  at  the  network’s  output  is 


(A) 

(C) 


164 

71 

211 

it 


(B) 

(D) 


343 

n 

191 

jt 


A  system  has  the  power  transfer  function 

1 


|H(co)f 


CO  | 

W 


where  W  is  a  real  positive  constant.  The  noise 
bandwidth  of  the  system  is 


(A) 


7lW 

2V2 


uW 

(C)  — 
2 


nW 
(B)  —fL 

a/2 


(D)  None  of  the  above 


A  system  have  an  impulse  response 

-Wt 


h  = 


0 


e  <  t 
t  <0 


where  W  is  a  real  positive  constant.  White  noise 
with  power  density  5w/Hz  is  applied  to  this  system.  The 
mean-squared  value  of  response  is 


fJlf  White  noise  with  power  density  ,A'J2  is  applied  to  a 
low  pass  network  for  which  |fT(0)|=2.  It  has  a  noise 
bandwidth  of  2  MHz.  If  the  average  output  noise  power 
is  8.1  W  in  a  IQ  resistor,  the  ,j%  is 

(A)  625  x  108  W/Hz  (B)  625  x  10“8  W/Hz 

(D)  125  x  1(T8  W/Hz 
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Statement  for  Question  44-46  : 

An  amplifier  has  a  narrow  bandwidth  of  1  kHz  and 
standard  spot  noise  figure  of  3.8  at  its  frequency  of 
operation.  The  amplifier’s  available  output  noise  power 
is  0.1  mW  when  its  input  is  connected  to  a  radio 
receiving  antenna  having  an  antenna  temperature  of  80 
K. 


SOLUTION 


—  f‘+B  ,i- 

1.  (B)  n2  =  2  |  df  =2.A'B 

fc+B  2 

2.  (A)  NF  =  =  100/10  -2 

SJNa  2/0.4 


The  amplifier’s  input  effective  noise  temperature  Te 
is 

(A)  812  K  (B)  600  K 

(C)  421  K  (D)  321  K 


?!il  Its  operating  spot  noise  figure  Fop  is 
(A)  5.16  (B)  7.98 

(C)  11.15  (D)  16.23 

?Til  Its  available  power  gain  Ga  is 

(A)  2  x  1012  (B)  4  x  1012 

(C)  8  x  1012  (D)llxlO12 


3.  (A)  v2n  =  AkTBR 

=  4  x  1.38  x  10“23  x  300  x  200  x  103  x  103  =  3.3  x  10'12 

vnrms  =  l-8n  V 

4.  (B)  vl=  AkTBR,  T  =(273  +  17)12'  =  290  K, 

R  =  1000Q,  B  =  104  Hz,  k  =  1.38  x  10  23  J/K 

v*  =4  x  1.38  x  10-23  x  290  x  103  x  104  =  16  x  10  14  V2 
v  =0.4li  V 

nrms  r* 


5.  (A)  F1  =9  dB  =  7.94,  F2=  20  dB  =  100 


Ax  =15  dB  =  31.62, 

F  -1 

F  =  F,  +  ^—^  =  7.94 

1  A 


100-1 

31.62 


=  11.07 


6.  (C)  Gain  of  each  stage  A1  =A2  =A3  =  10  dB 

Noise  figure  of  each  stage 

F1  =  F2  =  F3  =  6  dB  or  F1  =  F2  =  F3  =  4  db 

F  =  F1 


f2-i 


F3  - 1 
d  =4 


A,  AjA2 


— — -  +  — — -  =  4.33 
10  100 


7.  (B)  H(  co)  = - - 

SJio)+SJco) 


 9+  co  


6 

9+co2 


6  10  +  co2 


1 

8,  (C)  V  =  —  |  n{t  -  ij ,)n(t  -  xR)dt 

2  T  _rp 

Since  T  is  very  large 

1  T 

V  =lim  —  [  n(t  -  t T)n(t  -  x K)dt  =  A\_n(t  -  xT)n{t  -  xB)] 

71— KO  2  Tjt 

Since  Nit)  is  ergodic,  V  ~  RNN (xR  -xT) 

9.  (A)  Because  |7/Arw(T)|  <  Rm( 0)  for  any  auto  correlation 
function,  V  will  be  maximum  if  xR  =  xT 


10.  (B)  Use  the  current  form  of  equivalent  circuit 


in  =  h2  +  h 


,2  2kTda>  2kT2da  ,  .2  2kTda> 
i2  = 1 —  + —  where  in  = 5 — , 


t iR1 


T, 


Thus  T  =  ^  +  R  = 

R,  R2 


71 R2 

T\  R2  +  T2R1 
r3  +  R2 


71 R 
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11.  (D)  Te  =  T0(F0  - 1)  =290(6.31  - 1)  =  1539.9  K 


12.  (C)  F  =  1  +  ^  =  1  +  =9.56  or  9.8  dB 

°p  T  180 


13.  (B)  T  =250  =T,  +  T^+T^ 


250=200 


=  7.98  or  9.0  dB 

15.  (D)  Here  L=  2.089  or  3.2  dB,  TL  =290  K 

T  T+7k  =  T  (L  _  1}  W-l> 

‘  el  G,  L  1/L 

=  290[(2.089  - 1)  +  (2.089)(7.98  - 1)]  =  4544.4  K 
4544  4 

F=l+  °  -  =  212  or  13.3  dB 

°p  225 


4544  4 

16.  (B)  F0=  1  +  =  16.67  or  12.2  dB 


290 


17.  (B)  For  A:  Fop  =10(or  10  dB)  when  Ts  =130  K 

TeA  =  130(10  -1)  =1170  K 

For  B:  Fo  =  3.98(or  6  dB)  when  Ts  =290  K 

TeB  =290(3.98  - 1)  =  3642  K 

For  C:  Fa  =  6.3(or  8  dB)  when  Ts  =190  K 

TeC  =  190(6.3  - 1)  =  1007  K,  (B)  is  better  as  TeB  is  less. 


18.  (A)  T  =  T.  +  T*  =  T'3 


G2  = 


G1  G,  G2 
T„.t  600 


GATe-T^-p  10(190 -150 


=  12 


(125  -  155)G2  +  125G  +  125  =0 
6G2  -25G-25=0  or  G=  5 

23.  (A)  Sequence  Te 

ABC110  +  —  +  —  =  14625 
4  4(6) 


w2 

acbiio  +  150  +  120  - 

1000  „  1Q 
-  or  G,  =13 

4  4(12) 

5  G2 

BAC  120  +  110  +  150  = 
6  6(4) 

(F  -1)  =  1  +  ^(10-1) 
p  290 

„D11cn  120  110 
CBA150  +  + 

12  (12X6) 

24.  (A)  Te  =  T0(F  - 1)  <290(1.7  - 1)  =203  K 

25.  (D)  Here  F0  » 1.585  (or  2.0  dB)  and  Fop  ~  4.467  (or 
6.5  dB) 

TJF,,  - 1)  290(1.585-1) 


FoP  -1 


4.467  - 1 


26.  (B)  Here  Ta  =  60  K,  L  =  1.738  (or  2.4  dB),  Th  =  275  K 
and  TSys  =  820  K.  We  know  that 

[7V  -Ta-  Tl(L  - 1)]  _  820  -  60  -275(1.738  - 1) 


Tr=' 


=  320.5  K 


1.738 


27.  (B)  Fop  =  1  +  ZL  =  1  +  Tsys_  ^  =  i  +  820  60 

T  Ts  60 

=  13.67  or  11.4  dB 


28.  (A)  Here  GR(a>0)  =  1011  (or  110  dB) 
and  WPV  =  2ti(107)  Hz 

kfsysGJa)Wn  1.38(10^23)(820)(10u)(107) 


Nclo  = 


.  sys\ 

2  7i L 


1.738 


=  651.110  5  or  6.51  mW 


T  190 

19.  (B)  Fn=l  +  —  =  1  +  ——  =  1.655  or  2.19  dB 
0  Tn  290 


T  190 

20.  (C)  F  =  1  +  —  =  1  +  — —  =  4.8  or  6.81  dB 

op  T  5Q 


21.  (A)  T  =  T.  +  —  +  =  40  +  —  +  —  =58.33  K 


dm  ,  „  dm 


G,  GiG2  8  8(6) 


t  t  r  i  i 

22.  (B)  Te  =  Ta  +  ^  +  e:‘  =Tel  1  +  —  +  A, 

e  el  Gj  GjG2  elL  G  G2 

or  (Tel  -  Te)G2  +  TelG  +  Tel=0 


29.  (C)  dNao  =  k[Ta  +  Tl(L-  1)]  =  kTs 

2n 


2k 


Thus  Ts  =  T„  +  Tl(L  - 1) 

=  60  +275(1.738  -1)=  263  K 

30.  (D)  Te  =  TsiFop  - 1)  =  60(5  - 1)  =  240  K 


_  71  940 

31.  (C)  F„  =  1  +  —  =  1  +  —  =  1.8276 
290  290 


—  T  940 

32.  (A)  Fop  =  1  +  =  =  1  +  =  9  or  9.54  dB 

T  30 


Page 

412 


www.gatehelp.com 


GATE  EC  BY  RK  Kanodia 


CHAPTER 

7.4 

AMPLITUDE  MODULATION 


Statement  for  Question  1-3 

An  AM  signal  is  represented  by 

*(£)=( 20  +  4sin5007rf)cos(27ix  105£)  V 

2  The  modulation  index  is 

(A)  20  (B)  4 

(C)  0.2  (D)  10 

3  The  total  signal  power  is 

(A)  208  W  (B)  204  W 

(C)  408  W  (D)  416  W 

U  The  total  sideband  power  is 

(A)  4  W  (B)  8  W 

(C)  16  W  (D)  2  W 

Statement  for  Question  4  -  5  : 

An  AM  signal  has  the  form 
x(t)  =  [20  +  2  cos  3000ti£  +  10  cos  60007t£]cos  2ji fct  where 
fc  =  105  Hz. 


|j  An  AM  broadcast  station  operates  at  its  maximum 

allowed  total  output  of  50  kW  with  80%  modulation. 

The  power  in  the  intelligence  part  is 

(A)  12.12  kW  (B)  31.12  kW 

(C)  6.42  kW  (D)  None  of  the  above 

|  The  aerial  current  of  an  AM  transmitter  is  18  A  when 
unmodulated  but  increases  to  20  A  when 
modulated. The  modulation  index  is 

(A)  0.68  (B)  0.73 

(C)  0.89  (D)  None  fo  the  above 

A  modulating  signal  is  amplified  by  a  80%  efficiency 
amplifier  before  being  combined  with  a  20  kW  carrier  to 
generate  an  AM  signal.  The  required  DC  input  power  to 
the  amplifier,  for  the  system  to  operate  at  100% 
modulation,  would  be 
(A)  5  kW  (B)  8.46  kW 

(C)  12.5  kW  (D)  6.25  kW 


ij  The  modulation  index  is 


(A) 


201 

400 


(B) 


201 

400 


(C) 


199 

400 


(D) 


199 

400 


E0  A  2  MHz  carrier  is  amplitude  modulated  by  a  500 
Hz  modulating  signal  to  a  depth  of  70%.  If  the 
unmodulated  carrier  power  is  2  kW,  the  power  of  the 
modulated  signal  is 


3  The  ratio  of  the  sidebands  power  to  the  total  power  is 

(A)  &  (B)  H 

(O  H  (D)  £ 

J  A  2  kW  carrier  is  to  be  modulated  to  a  90%  level.  The 
total  transmitted  power  would  be 


(A)  2.23  kW  (B)  2.36  kW 

(C)  1.18  kW  (D)  1.26  kW 

m  A  carrier  is  simultaneously  modulated  by  two  sine 
waves  with  modulation  indices  of  0.4  and  0.3.  The 
resultant  modulation  index  will  be 


(A)  3.62  kW  (B)  2.81  kW  (A)  1.0  (B)  0.7 

(C)  1.4  kW  (D)  None  of  the  above  (C)  0.5  (D)  0.35 
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^  In  a  DSB-SC  system  with  100%  modulation,  the 
power  saving  is 

(A)  50%  (B)  66% 

(C)  75%  (D)  100% 


Which  of  the  following  frequencies  will  NOT  be  present 
in  the  modulated  signal? 

(A)  990  KHz  (B)  1010  KHz 

(C)  1020  KHz  (D)  1030  KHz 


EE1  A  10  kW  carrier  is  sinusoidally  modulated  by  two 
carriers  corresponding  to  a  modulation  index  of  30% 
and  40%  respectively.  The  total  radiated  power(is 
(A)  11.25  kW  (B)  12.5  kW 

(C)  15  kW  (D)  17  kW 

m  In  amplitude  modulation,  the  modulation  envelope 
has  a  peak  value  which  is  double  the  unmodulated  carrier 
value.  What  is  the  value  of  the  modulation  index  ? 

(A)  25%  (B)  50% 

(C)  75%  (D)  100% 


For  an  AM  signal,  the  bandwidth  is  10  kHz  and  the 
highest  frequency  component  present  is  705  kHz.  The 
carrier  frequency  used  for  this  AM  signal  is 
(A)  695  kHz  (B)  700  kHz 

(C)  705  kHz  (D)  710  kHz 

A  message  signal  m(t)  =  sinc  t  +  sinc2(*)  modulates 
the  carrier  signal  (*)  =  A  cos  2nfct.  The  bandwidth  of  the 
modulated  signal  is 

(A)  2 fc  (B)  \fc 

(C)  2  (D)  1 


^  If  the  modulation  index  of  an  AM  wave  is  changed 
from  0  to  1,  the  transmitted  power 

(A)  increases  by  50%  (B)  increases  by  75% 

(C)  increases  by  100%  (D)  remains  unaffected 

sn  A  diode  detector  has  a  load  of  1  kQ  shunted  by  a 
10000  pF  capacitor.  The  diode  has  a  forward  resistance 
of  1  Q.  The  maximum  permissible  depth  of  modulation, 
so  as  to  avoid  diagonal  clipping,  with  modulating  signal 
frequency  fo  10  kHz  will  be 

(A)  0.847  (B)  0.628 

(C)  0.734  (D)  None  of  the  above 

EH  An  AM  signal  is  detected  using  an  envelop  detector. 
The  carrier  frequency  and  modulating  signal  frequency 
are  1  MHz  and  2  kHz  respectively.  An  appropriate  value 
for  the  time  constant  of  the  envelope  detector  is. 

(A)  500  p  sec  (B)  20  p  sec 

(C)  0.2  psec  (D)  1  psec 

[ 0  An  AM  voltage  signal  s(t),  with  a  carrier  frequency 
of  1.15  GHz  has  a  complex  envelope  g(t)  =  Ac[l  + 
where  Ac  =500  V,  and  the  modulation  is  a  1  kHz 
sinusoidal  test  tone  described  by  m(t)  =0.8sin(27tx  103*) 
appears  across  a  50  Q  resistive  load.  What  is  the  actual 
power  dissipated  in  the  load  ? 


^3  The  signal  m(t)  =cos  2000  ti*  +  2 cos  4000*  is 
multiplied  by  the  carrier  c(*)  =  100  cos  2ti/'Y  where  fc  =  1 
MHz  to  produce  the  DSB  signal.  The  expression  for  the 
upper  side  band  (USB)  signal  is 

(A)  100  cos(27i(/(.  +  1000)*)  +200  cos(2  dfc  +200)0 

(B)  100cos(2ji(/c  -1000)t)  +200cos(2ti(/;  -2000)*) 

(C)  50cos(2tt (fc  +  1000)*)  +  100 cos(2ti(/'c  +2000)*) 

(D)  50cos(2ti {fc  -1000)*)  +  100cos(2ti(/'c  -100)*) 

Statement  for  Question  23-26  : 

The  Fourier  transform  M(f  )  of  a  signal  mi.  *)  is 
shown  in  figure.  It  is  to  be  transmitted  from  a  source  to 
destination.  It  is  known  that  the  signal  is  normalized, 
meaning  that  -1  <  m(*)  <  1 


M{f) 


If  USSB  is  employed,  the  bandwidth  of  the 
modulated  signal  is 

(A)  5  kHz  (B)  20  kHz,  10  kHz 

(C)  20  kHz  (D)  None  of  the  above 


(A)  165  kW  (B)  82.5  kW  If  DSB  is  employed,  the  bandwidth  of  the  modulated 

(C)  3.3  kW  (D)  6.6  kW  signal  is 


A  1  MHz  sinusoidal  carrier  is  amplitude  modulated 
by  a  symmetrical  square  wave  of  period  100  p  sec. 
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(A)  5  kHz 
(C)  20  kHz 


(B)  10  kHz 

(D)  None  of  the  above 
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If  an  AM  modulation  scheme  with  a  =  0.8  is  used, 
the  bandwidth  of  the  modulated  signal  is. 

(A)  5  kHz  (B)  10  kHz 

(C)  20  kHz  (D)  None  of  the  above 

^3  If  an  FM  signal  with  kf  =  60  kHz  is  used,  then  the 

bandwidth  of  the  modulated  signal  is 

(A)  5  kHz  (B)  10  kHz 

(C)  20  kHz  (D)  None  of  the  above 

A  DSB  modulated  signal  x(t)  =  Ami  t)  cos  2  nfct  is 
mixed  (multiplied)  with  a  local  carrier 
xL(t)  =cos(2t ifct  +  0)  and  the  output  is  passed  through  a 
LPF  with  a  bandwidth  equal  to  the  bandwidth  of  the 
message  m(t).  If  the  power  of  the  signal  at  the  output  of 
the  low  pass  filter  is  pout  and  the  power  of  the 
modulated  signal  by  pu,  the  y1  is 
(A)  0.5  cos  9  (B)  cos2  0 

(0  0.5  cos2  0  (D)  | cos2  0 

ETil  A  DSB-SC  signal  is  to  be  generated  with  a  carrier 
frequency  fc  =  1  MHz  using  a  non-linear  device  with  the 
input-output  characteristic  vo  =  anvl  +  a,  vf  where  a0 
and  a,  are  constants.  The  output  of  the  non-linear 
device  can  be  filtered  by  an  appropriate  band-pass  filter. 
Let  Vj  =  A'  cos(2nf':t)  +  m(t)  where  m{t)  is  the  message 
signal.  Then  the  value  of  f'c{ in  MHz)  is 
(A)  1.0  (B)  0.333 

(C)  0.5  (D)  3.0 

A  non-linear  device  with  a  transfer  characteristic 
given  by  i  =(10  +  2vt  +  02vf)  mA  is  supplied  with  a 
carrier  of  1  V  amplitude  and  a  sinusoidal  signal  of  0.5  V 
amplitude  in  series.  If  at  the  output  the  frequency 
component  of  AM  signal  is  considered,  the  depth  of 
modulation  is 

(A)  18  %  (B)  10  % 

(C)  20  %  (D)  33.33  % 

Statement  for  Question  30-31 

Consider  the  system  shown  in  figP7.4.30-31.  The 
modulating  signal  m{t)  has  zero  mean  and  its  maximum 
(absolute)  value  is  Am  =max|m(t)|.  It  has  bandwidth  Wm . 
The  nonlinear  device  has  a  input-output  characteristic 
y(t)  =ax{t)  +  bx2(t). 


m(t ) 


AM  Signal 


cos  ca.£ 


Fig.P7.4.30-31 


^3  The  filter  should  be  a 

(A)  LPP  with  bandwidth  W 

(B)  LPF  with  bandwidth  2 W 

(C)  a  BPF  with  center  frequency  f0  and  BW  -  W  such 
that  f0  -  Wm  >  f0  ~y>  %Wm 

(D)  a  BPF  with  center  frequency  f0  and  BW  =W  such 
that  f0  -  Wm  >f0  -  y  >  Wm 

The  modulation  index  is 

W-A,  (B)  ~7~Am 

a  b 

(C  )°rAm  (D  )-Am 


W*  A  message  signal  is  periodic  with  period  T,  as  shown 
in  figure.  This  message  signals  is  applied  to  an  AM 
modulator  with  modulation  index  a  =0.4.  The 
modulation  efficiency  would  be 

m(t ) 


(A)  51  % 
(C)  5.1  % 


(D)  None  of  the  above 


Statement  for  Question  33-36 

The  figure  6.54-57  shows  the  positive  portion  of 
the  envelope  of  the  output  of  an  AM  modulator.  The 
message  signal  is  a  waveform  having  zero  DC  value. 

m(t) 


t 

Fig.P7.4.33-36 


££1  The  modulation  index  is 

(A)  0.5  (B)  0.6 

(C)  0.4  (D)  0.8 
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ii}  The  modulation  efficiency  is 

(A)  8.3  %  (B)  14.28  % 

(C)  7.69  %  (D)  None  of  the  above 

^  J  The  carrier  power  is 

(A)  60  W  (B)  450  W 

(C)  30  W  (D)  900  W 

^3  The  power  in  sidebands  is 

(A)  85  W  (B)  42.5  W 

(C)  56  W  (D)  37.5  W 

In  a  broadcast  transmitter,  the  RF  output  is 
represented  as 

e(t)  =50[1  +  0.89  cos  5000t  +  0.30  sin  9000f]cos(6  x  106t)V 

What  are  the  sidebands  of  the  signals  in  radians  ? 

(A)  5  x  103and9  x  103 

(B)  5.991  x  106  ,  5.995  x  106,  6.005  x  106  and  6.009  x  106 

(C)  4  x  103,  1.4  x  104 

(D)  1  x  106,  1.1  x  107,  3  x  106,  and  1.5  x  107 


The  lower  sideband  of  the  SSB  AM  signal  is 

(A)  -100  cos(2m(/’c  -1000)*)  +  200  sin(2iifc  -1000)0 

(B)  -100  cos(2Tifc  -1000)*)  -200sin(2n(/'c  -1000)t) 

(C)  100cos(2ti(/'c  -1000)t)  -200sin(27i(/,c  - 1000)*) 

(D)  100cos(2jt(/;  -1000)t)+200sin(27i(/'c  -1000)*) 


Statement  for  Question  42-43 

Consider  the  system  shown  in  figure  6.69-70.  The 
average  value  of  m{t)  is  zero  and  maximum  value  of 
is  M.  The  square-law  device  is  defined  by 
y(t)  =  4  x(t)  +  10x(t). 

©x(t) 

- > 

COS  (Oct 

Fig.  P7. 4.42-43 

^3  The  value  of  M,  required  to  produce  modulation 
index  of  0.8,  is 


AM  Signal 


fUl  An  AM  modulator  has  output 

x(t)  =  40  cos  400 nt  +  4  cos  360 nt  +  4  cos  440 Tit 


(A)  0.32 
(C)  0.52 


(B)  0.26 
(D)  0.16 


The  modulation  efficiency  is 
(A)  0.01  (B)  0.02 

(C)  0.03  (D)  0.04 

An  AM  modulator  has  output 
x(t)  =  A  cos  4007it  +  B  cos  380nt  +  Bcos  4207if 

The  carrier  power  is  100  W  and  the  efficiency  is 
40%.  The  value  of  A  and  B  are 
(A)  14.14,  8.16  (B)  50,  10 

(C)  22.36,  13.46  (D)  None  of  the  above 

Statement  for  Question  40-41 

A  single  side  band  signal  is  generated  by 
modulating  signal  of  900-kHz  carrier  by  the  signal 
m(t)  =  cos  200 Tit  +  2sin20007tt.  The  amplitude  of  the 
carrier  is  Ac  =  100. 

^3  The  signal  m(t)  is 

(A)  -sin(2Til000t) -2 cos(20007it) 

(B)  -sin(2Til000f)  +  2 cos(2000nt) 

(C)  sin(2Til000t)  +2cos(1000t) 

(D)  sin(2Til000t)  -2cos(2Til000t) 


gjvij  Let  W  be  the  bandwidth  of  message  signal  m(t).  AM 
signal  would  be  recovered  if 

(A)  fc>W  (B)fc>2W 

(C)  fc  >  3W  (D)  fc  >  4W 

m  A  super  heterodyne  receiver  is  designed  to  receive 
transmitted  signals  between  5  and  10  MHz.  High-side 
tuning  is  to  be  used.  The  tuning  range  of  the  local 
oscillator  for  IF  frequency  500  kHz  would  be 

(A)  4.5  MHz  -  9.5  MHz 

(B)  5.5  MHz  -  10.5  MHz 

(C)  4.5  MHz  -  10.5  MHz 

(D)  None  of  the  above 

1  A  super  heterodyne  receiver  uses  an  IF  frequency  of 
455  kHz.  The  receiver  is  tuned  to  a  transmitter  having 
a  carrier  frequency  of  2400  kHz.  High-side  tuning  is  to 
be  used.  The  image  frequency  will  be 
(A)  2855  kHz  (B)  3310  kHz 

(C)  1845  kHz  (D)  1490  kHz 
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In  the  circuit  shown  in  fig.P7.4.46,  the  transformers 
are  center  tapped  and  the  diodes  are  connected  as 
shown  in  a  bridge.  Between  the  terminals  1  and  2  an 
a.c.  voltage  source  of  frequency  400  Hz  is  connected. 
Another  a.c.  voltage  of  1.0  MHz  is  connected  between  3 
and  4.  The  output  between  5  and  6  contains  components 
at 


l 


2 


5 


6 


(A)  400  Hz,  1.0  MHz,  1000.4  kHz,  999.6  kHz 

(B)  400  Hz,  1000.4  kHz,  999.6  kHz 

(C)  1  MHz,  1000.4  kHz,  999.6  kHz 

(D)  1000.4  kHz,  999.6  kHz 


m  A  superheterodyne  receiver  is  to  operate  in  the 
frequency  range  550  kHz-1650  kHz,  with  the 

intermediate  frequency  of  450  kHz.  Let  R  =  denote 
the  required  capacitance  ratio  of  the  local  oscillator  and 
I  denote  the  image  frequency  (in  kHz)  of  the  incoming 
signal.  If  the  receiver  is  tuned  to  700  kHz,  then 
(A)  R  =  4.41,  I  =  1600  (B)  R  =2.10,  I  =  1150 


E2  In  fig.P7.4.49 


...  2  sin  2  nt  sinl997if 

m(t )  = - ,s(t)  =cos2007it  and  n(t)  =  - 


Multiplier  Adder  Multiplier 


m(t)  - 


s(t ) 


*(x)— <?> - .(x) - ► 


LPF 
1  Hz 


n.U)  s(t) 

Fig.P7.4.49 


t 

~y(t) 


(A) 


The  output  y(t)  will  be 
sin  2  nt 


/T,,  sin27d  sin  Tit 
(B) - h - cos  3 7i t 


sin2jtf  sin0.57tt 

(C)  - h - cos  15  nt 

t  t 

(D)  - + - cos0.75nt 

t  t 


£?T1  12  signals  each  band-limited  to  5  kHz  are  to  be 
transmitted  over  a  single  channel  by  frequency  division 
multiplexing.  If  AM  -SSNB  modulation  guard  band  of  1 
kHz  is  used,  then  the  bandwidth  of  the  multiplexed 
signal  will  be 

(A)  51  kHz  (B)  61  kHz 

(C)  71  kHz  (D)  81  kHz 


(C)  R  =  3,  7  =  1600  (D)  R  =9.0,  I  =1150 

EU  Consider  a  system  shown  in  Figure  .  Let  X(f)  and 
Y(f)  denote  the  Fourier  transforms  of  x(t)  and  y(t) 
respectively.  The  ideal  HPF  has  the  cutoff  frequency  10 
kHz.  The  positive  frequencies  where  Y(f)  has  spectral 
peaks  are 


0  0 


10  kHz  13  kHz 

X(f) 


Fig.P7.4.48 

(A)  1  kHz  and  24  kHz 

(B)  2  kHz  and  24  kHz 

(C)  1  kHz  and  14  kHz 

(D)  2  kHz  and  14  kHz 


Let  x(t')  be  a  signal  band-limited  to  1  kHz. 
Amplitude  modulation  is  performed  to  produce  signal 
g(t)  =  x(t)  sin  2000  nt.  A  proposed  demodulation 
technique  is  illustrated  in  figure  6.83.  The  ideal  low 
pass  filter  has  cutoff  frequency  1  kHz  and  pass  band 
gain  2.  The  y(t)  would  be 
(A)  2 y(t)  (B)  y(t) 

(C )\y{t)  (D)  0 

^3  Suppose  we  wish  to  transmit  the  signal 
x{t)  =sin2007it  +  2  sin  400 Tit  using  a  modulation  that 
create  the  signal  g(t)  =  x(t)sin  AQOnt.  If  the  product 
git)  sin  400 nt  is  passed  through  an  ideal  LPF  with 
cutoff  frequency  40071  and  pass  band  gain  of  2,  the 
signal  obtained  at  the  output  of  the  LPF  is 
(A)  sin  2007d  (B)  isin200nt 

(C)  2  sin  2007it  (D)  0 


In  a  AM  signal  the  received  signal  power  is  10  10  W 
with  a  maximum  modulating  signal  of  5  kHz.  The  noise 
spectral  density  at  the  receiver  input  is  10"18  W/Hz.  If 

the  noise  power  is  restricted  to  the  message  signal 
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bandwidth  only,  the  signals-to-noise  ratio  at  the  input 
to  the  receiver  is 

(A)  43  dB  (B)  66  dB 

(C)  56  dB  (D)  33  dB 

Statement  for  Question  54-55 

Consider  the  following  Amplitude  Modulated  (AM) 
signal,  where  fm  <B 

xam (t)  =  10(1  +  0.5  sin  2  nfm  t)  cos2n :fct. 


SOLUTION 

1.  (C)  u(t)  =(20  +  4sin500jt£)cos(2jt:x  105t)  V 

=  20(1 +  02sin5007tt)cos(27ix  105t)  V,  a  =02 

2.  (B)  Pl.=2^=  200  W,  Pi=Pijl+(()|)^j  =  204  W 

3.  (A)  Psb  =  P; -Pc  =204  -200  =  4  W 


The  average  side-band  power  for  the  AM  signal 
given  above  is 

(A)  25  (B)  12.5 

(C)  6.25  (D)  3.125 


4.  (B)  x (t) 

=  [20  +2cos(27il500t)  +  10cos(2jt3000t)]cos(27t/'(,t) 

=  20j  1  +  —  cos(2ti1500£)  +  —  cos(27t3000t)cos(2jt/'ct) 
110  2 


[23  The  AM  signal  gets  added  to  a  noise  with  Power 
Spectra  Density  Sn(f)  given  in  the  figure  below.  The 
ration  of  average  sideband  power  to  mean  noise  power 
would  be 


(A) 

(C) 


25 

(B) 

25 

8  N0B 

4  N0B 

25 

(D) 

25 

2  N0B 

N0B 

Statement  for  Question  56-57 

A  certain  communication  channel  is  characterized 
by  80  dB  attenuation  and  noise  power-spectral  density 
of  10“loW/Hz.  The  transmitter  power  is  40  kW  and  the 
message  signal  has  a  bandwidth  of  10  kHz. 


This  is  the  form  of  a  conventional  AM  signal  with 
message  signal 

m(t)  =—  cos(27tl500t)  +  —  cos(2ti3000£) 

10  2 

=  cos2(27il500t)  +  —  cos(27il500£)  -  — 

10  2 


The  minimum  of  g(z)=z2  +  —  z is  achieved  for 

10  2 

z  = — —  and  it  is  min(fitz))  =_^i  Since  z  =-—  is  in 
20  400  20 


the  range  of  cos  (2n:1500t),  we  conclude  that  the 

201 

minimum  value  of  m(t)  is - .  Hence,  the  modulation 

400 


index  is 


201 

400 


In  the  case  of  conventional  AM  modulation,  the 
predetecion  SNR  is 

(A)  108  (B)  2  x  108 

(C)  102  (D)  2  x  102 


5TI  In  case  of  SSB,  the  predetecion  SNR  is 
(A)  2  x  102  (B)  4  x  102 

(C)  2  x  103  (D)  4  x  103 


5.  (B)  x{t)  =20 cos{2nfct)  +  cos(2n(fc  -1500)t) 
+  cos(2t i(fc  -  1500)t) 

=  5cos(27i(/'c3000R)  +  5cos(27t(/,c  +  3000R) 
The  power  in  the  sidebands  is 


P  _  1  1  25  25 

■^sidebands  9  Q  2  2  ^  ^ 

The  total  power  is  Ptotal  =Pmi  +  Psldebands  =  200  +  26  =226 
The  ratio  of  the  sidebands  power  to  the  total  power  is 


26 

226 


6.  (B)  P,=P„|  1  +  ^-  |  =  2000|  1 


=  2810  W 


7.  (A)P(=P,|l+  “2  j  or  50  x  103  = 

Pc  =37.88  kW,  P,  =  (Pt  -Pc)=  (50  -  37.88)  =  12.12  kW 
www.qatehelp.com 
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l  +  SL 


8.  (A)  I,  =  /, 


9.  (C)  Pt  =20000)  1  +  ^|,  Pt  =  30  kW, 


or  20  =  18|  l  +  -y  |  or  a  =0.68 


P .  =30  -20  =10  kW 


10 


The  DC  input  power  =  —  =  12.5  kW. 

0.8 


10.  (A)  P  =  2  kW,  a  =  70%  =  0.7 
0.72 


P=P,  1  + 


i 


=  2  1 


=  223  kW 


11.  (C)  a2  =a“  +  a2  =0.32  +  0.42  =  0.5 2  or  a  =0.5 


12.  (B)  In  previous  solution  P  =  —  P.  If  carrier  is 

3 

2 

suppressed  then  —  P  or  66%  power  will  be  saved. 

3 


13.  (A)  P(=P(|1  +  ^L  +  ^  |  =  10|U 
=  1125  kW 


0.32  0.42 

- + - 

2  2 


14.  (D)  x(t)  =  AC(1  +  a cos2nfmt)cos  2nfct 

Here  Ac(l  +  a)  =2 Ac,  Thus  a  =1,  therefor  modulation 
index  is  1  or  100%  modulation. 

15.  (A)  If  modulation  index  a  is  0,  then 


Pn  =- 


o2 


_A2 

2 


If  modulation  index  is  1  then 


Pa=^-  1  +  —  =  -A2,  —  =  — 

2  t  2  J  4  Pa  2 

Thus  Pt2  =  1.5 Ptl  and  Pf2  is  increases  by  50% 


16.  (A)  fm  =10  kHz,  R  =1000  0,  C  =  10000  pF 
Hence  2nfmRC  =  2nx  104  x  103  x  10“8  =0.628 


=(1  +  (0.628)2)  2  =0.847 


17.  (B)  —  <  RC  <  — — , 

f  BW 

/  c  m 


Here  fc  =  1  MHz 


Signal  Bandwidth  BWm  =2  fm  =2  x  2  x  103  =  4  kHz 


Thus  <RC<  — — — tt  or  106<  RC  <  250  ps 

106  4  x  103 

Thus  appropriate  value  is  20  p  sec 


A  2 

18.  (A)  Pt=^~ 
2 


2\m(t)f 


Here  modulation  index  a  =  1.  Thus 


P  = 


500 


0.82 


=  165  kW 


19.  (C)  c(t)  =sin2nfct,  fc=  1000  kHz,  x(t)  =  dt)m(t) 
Expressing  square  wave  as  modulating  signal  m(t ) 

m(  t)  =  -  X  1>  ~  cos  [2  nfm  (2  n  - 1)  ] 
n  n=i  2n  - 1 

The  modulated  output 

x(t)  = 


4  ®  r _ -i 

—  X  77 - T  cos[2  nfm  (2  n  - 1)] 


sin(27il000  x  103^) 


_n  „=i  2n  -1 

So  frequency  component  (10b  ±  frJ2n  -  lj  will  be  present 
where  n  =  1,  2,  3,  .... 

For  fm  =10  kHz  and  n  =1  &  2  frequency  present  is  990, 
970,  1030  kHz.  Thus  1020  kHz  will  be  absent. 

20.  (B)  fe  +  fm  =  705  kHz, 

BW  =2 fm  =10  kHz  or  fm  =5  kHz 
fc  =705  -5  =700  kHz 

21.  (C)  jc(^)  =  m(t)c{t)  =  A(sinc(£)  +  sinc2(i)cos(27t/'(,D 
Taking  the  Fourier  transform  of  both  sides,  we  obtain 

X(f)  =  ^  W)  +  *  («/■  -  O  +  §(/■  +  /«)) 

=4[n (f  -/,)  +  a(/  -/,)  +  re/  +  /,)  +  a(/  -/)] 

Since  «/  -  /,)  =  0  for  |/-/,|<i.  whereas  A(/-/,)*0 

for  )/’  -  /),)  <  1.  Hence,  the  bandwidth  of  the  bandpass 
filter  is  2. 

22.  (C)  x(t)  =  m(t)  c(t) 

=  100[cos(27tl000f)  +  2  cos(27i2000rt]cos(27i/'t7) 

=  100  cos(2  7i  1 000rt  cos(2  nfct)  +  200  cos(2  7t2000D  cos(2  nfct) 

100, 

2 

200, 

+ - 

2 

Thus,  the  upper  sideband  (USB)  signal  is 
xu(t)  =  50  cos[2  iifc  +1000)F|  +  100(2  iifc  +2000)« 


[cos(2ji(/'(,  +1000)£)  +  cos(2ti(/'c  -1000)D] 
[cos(2iifc  +  2000)£)  +  cos(27 i(fc  -2000)^)1 
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23.  (B)  When  USSB  is  employed  the  bandwidth  of  the 
modulated  signal  is  the  same  with  the  bandwidth  of  the 

message  signal.  Hence  WUSSB  =  W  =104  Hz 
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37.  (B)  Sidebands  are  (6xl06  +  50  00)  and 
(6x  106  ±9000) 

Thus  60  05  x  106,  5.995  x  106,  5.991  x  106  or  5.991  x  106, 
6.005  x  106  and  6.009  x  106 

38.  (B)  x(t)  can  be  written  as 
x(  t)  =  ( 40  +  8  cos  40  it t)  cos  400  t it 

g 

modulation  index  a  = —  =  02 
40 

P  =A(40)2  =  800  W 
2 

The  components  at  180  Hz  and  220  Hz  are  side  band 

Ps6=I(4)2+I(4)2  =  16  w> 

E  ,  Psb  ,  16 

eff  Pc+Psb  800  +  16 

A2 

39.  (A)  Carrier  power  P  =  —  =  100  W,  A  =  14.14 

2 

p  40  P 

Eff=  sb  =  —  or - ^ - =0.4 

ff  Pc+Psb  100  100  +  Psb 

Psb  =  66.67  W,  Psb  =  B2  +  ^B2  =  66.67  or  B=  8.161 

40.  (D)  The  Hilbert  transform  of  cos  (27il000t)  is 
sin  (2  txIOOO/),  whereas  the  Hilbert  transform  of 
sin  (27x1000/)  is  cos  (2tx1000/) 

Thus  m(/)=sin(27xl000/)  -cos(2tx1000/) 

41.  (D)  The  expression  for  the  LSSB  AM  signal  is. 
x^t)  =  Acm(t)cos(2nfct)  +  Acm(t)  sin(2nfct) 

Substituting 

Ac  =  100,  m{t)  =cos(27il000t)  +  2 sin(27xl000t) 
and  m(t)  =  sin(27xl000/)  - 2  cos(2 7x1000 1) 
we  obtain 

xl(t)  =  100[cos(2  7tl000 1)  +  2  sin(2  7x1000/)  cos(2  nfct)l 
+100[sin(2 7tl000 1)  -  2  cos(2  7x1000/)  sin(27x/j.t)] 

=  100[cos(27il000t)cos(27i/'ct)  +  sin(27il000t)sin(27i/'ct)] 
+200[cos(2 nfct)  sin(2 7x1000 1)  -sin(27i/'ct)cos(27xl000t)] 

=  100003(27x1/;  -  1000)t)  -200  sin(27x(/'c  -  1000)£) 

42.  (D)  y(t)  =  4 (m(t)  +  cos  co ct)  +  10 {m(t)  +  cos  act)2 

=  4 m(t)  +  4  cos  co ct  +  10m2  ( t )  +  20 m{t)  cos  co ct  +  5  +  5  cos  2co ct 
=  5  +  4  m(t)  +  10m2  (t)  +  4[1  +  5m(t)]  cos  <oct  +  5cos2coct 
The  AM  signal  is,  xc(t)  =  4[1  +  5m(t)]cos  act 
m(t)  =Mmn{t) 

xc(t )  =  4[1  +  5Mmn(t)]cos  act 
5M  =0.8  or  M  =0.16 


43.  (C)  The  filter  characteristic  is  shown  in  fig. S7. 4. 43 


H(f) 


fc~W>  2  W  or  fc>3W, 
fc+W  <2f  or  fc>W 
Therefore  fc  >  3W 

44.  (B)  Since  High-side  tuning  is  used 
fLo  =fm+  fiF  =  500  kHz, 

fLOL  =  5  +  0.5  =  5.5  MHz, 
fLOU  =  10  +  0.5  =  10.5  MHz 

45.  (B)  /;mage  =fL  +  2 fIF  =2400  =  3310  kHz 

46.  (D)  The  given  circuit  is  a  ring  modulator.  The  output 
is  DSB-SC  signal.  So  it  will  contain  m(t)  cos(nact)  where 

n  =  1,  2,  3 . Therefore  there  will  be  only  (1  MHz  +  400 

Hz)  frequency  component. 


47-  (A)  /max  =  1050  +  450  =2100  kHz 

f  =  550  +  450  =  1000  kHz.  or  f  = - ]= 

2  t xVLC 


frequency  is  minimum,  capacitance  will  be  maximum 
C  f 2 

v-^ma-e  /  max 

'7T 

/  min 


R  = 


CL 


=  (2.1)2 


or  R  =  4.41 


ft=fc+  2  f1F  =  700  +  2(455)  =  1600  kHz 


48.  (B)  Since  X(f)  has  spectral  peak  at  1  kHz  so  at  the 
output  of  first  modulator  spectral  peak  will  be  at  (10  +  1) 
kHz  and  (10  - 1)  kHz.  After  passing  the  HPF  frequency 
component  of  11  kHz  will  remain.  The  output  of  2nd 
modulator  will  be  (13  +  11)  kHz.  So  Y(f)  has  spectral 
peak  at  2  kHz  and  24  kHz. 


49.  (C)  m{t)s(t)  =yx(t) 

_  2sin(27xf)cos(2007xt)  _  sin(2027it)  -sin(1987xt) 
t  t 

...  ...  ...  sin2027it -sin  1987it  sinl987it 

y^t)  +  nit)  =  y2(t)  = - - - + - - - 

y2(t)s(t)  =  y(t) 

[sin  2027xf  -  sin  1987it  +  sin  199tx£]cos  200tx£ 
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=  —  [sin(4027tt)  +  sin(2jtrt  -  (sin(3987tt)  -sin(2ji£)l 
2 


-sin(3997it)  -sin(7tf)] 


After  filtering 

sin(27it)  +  sin(2jtt)  -sin(jtt) 


y(t)  =  - 


2 1 


sin(27it)  +2sin(0.5t)cos(1.5n:t) 

2 £ 

sin27i£  sin0.57i£  , 

- cos  15  wt 


2 1 


50.  (D)  The  total  signal  bandwidth  =  5  x  12  =  60  kHz 
There  would  be  11  guard  band  between  12  signal.  So 
guard  band  width  =  11  kHz 

Total  band  width  =  60  +  11  =  71  kHz 

51.  (D)  x-^t)  =  ,g(t)cos(2000Ttt) 

=  x(  t)  sin(2000  nt)  cos(2000  7 it)  =  —  x(  t)  sin(  4000  n  t) 

2 

XjO'ra)  =  —  A(j( co-  40007i))  -  X(_/(co+  4000ti)) 

4  j 

This  implies  that  XjO'co)  is  zero  for  |oo|  <200071  because 

c »<2nfm  =27il000.  When  x, ( t)  is  passed  through  a  LPF 

with  cutoff  frequency  20  0071,  the  output  will  be  zero. 

52.  (A)  y(t)  =  g(£)sin(4007t£)  =  x(£)sin* 2(4007t£) 

=  (sm(2007i£)  +  2sm(4007r£) - 


=  —  [sin(2007i£)  -sin(2007t£)cos(8007t£)  +  2  sin(4007it) 

2 

-  sin( 400  nt)  cos(  800  nt) 

=  —  sin(2007i£)  -  —  [sin(10007t£)  -sin(60007t£)] 

2  4 

+  sin(4007tt)  -  —  [sin(12007t£)  -sin(4007i£)] 

4 

If  this  signal  is  passed  through  LPF  with  frequency 
4007t  and  gain  2,  the  output  will  be  sin(2007i£) 


55.  (D)  Noise  power  =  Area  rendered  by  the  spectrum 
-N0B 

Ratio  of  average  sideband  power  to  mean  noise 

„  625  25 

Power  =- 


N0B  4  N0B 


56.  (C)  Since  the  channel  attenuation  is  80  db,  then 
10  log  ^L  =  80 


or  PR  =  10 -8 *Pt  =  10~8  x  40  x  103  =  4  x  10 * * *  4  Watts 

If  the  noise  limiting  filter  has  bandwidth  B,  then  the 

pre-detection  noise  power  is 


Pn=  2  =  N0B  =2  x  10‘10  B  Watts 

<-\ 2 

In  the  case  of  DSB  or  conventional  AM  modulation, 
B=2W=2xl04  Hz,  whereas  in  SSB  modulation 
B  =W  =  10 4 .  Thus,  the  pre-detection  signal  to  noise 
ratio  in  DSB  and  conventional  AM  is 

SNR  -P«~  4X104 

OSB.AM  p  2  x  10-10  x  2  X  104 


=  102 


57.  (A)  In  SSB  modulation  B  =  W  =  10 4 
4  x  10”' 


SNRqoq  = 


2  x  10~10  x  104 


=  2  x  10 


53.  (A)  Message  signal  BW  fm=  5  kHz 
Noise  power  density  is  10  48  W/Hz 
Total  noise  power  is  10~18  x  5  x  103  =5  x  10~15  W 
Input  signal-to-noise  ratio 
10  10 


SNR- 


5x  10 


=  2x  104  or  43  dB 


54.  (C)  Average  side  band  power  is 

AV=10W=a25W 


4 
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Statement  for  Question  1-5 

Fig.  P7.6.1-5  shows  fourier  spectra  of  signal  x(t) 
and  y(t).  Determine  the  Nyquist  sampling  rate  for  the 
given  function  in  question. 


X(ja) 


(A)  100  kHz 
(C)  300  kHz 

3  y(t ) 

(A)  50  kHz 
(C)  150  kHz 

3  x2(t) 

(A)  100  kHz 
(C)  250  kHz 

3  y\t) 

(A)  100  kHz 
(C)  900  kHz 

3  x(t)y(t) 
(A)  250  kHz 
(C)  50  kHz 
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Y(» 


(B)  200  kHz 
(D)  50  kHz 


(B)  75  kHz 
(D)  300  kHz 


(B)  150  kHz 
(D)  400  kHz 


(B)  300  kHz 
(D)  120  kHz 


(B)  500  kHz 
(D)  100  kHz 


Statement  for  Question  6-7 

A  signal  x(t)  is  multiplied  by  rectangular  pulse 
train  c{t)  shown  in  fig.P7.6.6-7.. 

0.25  ms 


c(f ) 


-2x10 


-10" 


10" 


2x10 


Fig.P7. 6.6-7 

3  x(t)  would  be  recovered  form  the  product.  x(t)  c(t)  by 

using  an  ideal  LPF  if  X(  jm)  =0  for 

(A)  to >2000 7i  (B)co>1000jt 

(C)  co  <1000ti  (D)  co  <2000ti 

0  If  X(j(o)  satisfies  the  constraints  required,  then  the 

pass  band  gain  A  of  the  ideal  lowpass  filter  needed  to 

recover  x(t)  from  e(t)  x(t)  is 

(A)  l  (B)  2 

(C)  4  (D)  8 

3  Consider  a  set  of  10  signals  i  =  1,  2,  3, ...10..  Each 
signal  is  band  limited  to  l  kHz.  All  10  signals  are  to  be 
time-division  multiplexed  after  each  is  multiplied  by  a 
carrier  e(t)  shown  in  Figure.  If  the  period  T  of  e(  t)  is 
chosen  the  have  the  maximum  allowable  value,  the 
largest  value  of  A  would  be 

c(t ) 


-2T 


-T 


2  T 


Fig.P7.6.8 
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(A)  5  x  10  3  sec  (B)  5  x  10  4  sec 

(C)5xl0~5sec  (D)5xl0~6sec 

3  A  compact  disc  recording  system  samples  a  signals 
with  a  16-bit  analog-to-digital  convertor  at  44.1  kbits/s. 
The  CD  can  record  an  hours  worth  of  music.  The 
approximate  capacity  of  CD  is 
(A)  705.6  M  Bytes  (B)  317.5  M  Bytes 

(C)  2.54  M  Bytes  (D)  5.43  M  Bytes 

S3  An  analog  signal  is  sampled  at  36  kHz  and 

quantized  into  256  levels.  The  time  duration  of  a  bit  of 

the  binary  coded  signal  is 

(A)  5.78  ps  (B)  3.47  ps 

(C)  6.43  ms  (D)  7.86  ms 

EO  An  analog  signal  is  quantized  and  transmitted  using 
a  PCM  system.  The  tolerable  error  in  sample  amplitude 
is  0.5%  of  the  peak-to-peak  full  scale  value.  The 
minimum  binary  digits  required  to  encode  a  sample  is 
(A)  5  (B)  6 

(C)  7  (D)  8 

Statement  for  Question  12-13. 

Ten  telemetry  signals,  each  of  bandwidth  2kHz, 
are  to  be  transmitted  simultaneously  by  binary  PCM. 
The  maximum  tolerable  error  in  sample  amplitudes  is 
0.2%  of  the  peak  signal  amplitude.  The  signals  must  be 
sampled  at  least  20%  above  the  Nyquist  rate.  Framing 
and  synchronizing  requires  an  additional  1%  extra  bits. 

m  The  minimum  possible  data  rate  must  be 
(A)  272.64  k  bits/sec  (B)  436.32  k  bits/sec 

(C)  936.32  k  bits/sec  (D)  None  of  the  above 


f??l  A  CD  record  audio  signals  digitally  using  PCM.  The 
audio  signal  bandwidth  is  15  kHz.  The  Nyquist  samples 
are  quantized  into  32678  levels  and  then  binary  coded. 
The  minimum  number  of  binary  digits  required  to 
encode  the  audio  signal 

(A)  450  k  bits/sec  (B)  900  k  bits/sec 

(C)  980  340  k  bits/sec  (D)  490  170,  k  bits/sec 

ffil  The  American  Standard  Code  for  Information 

Interchange  has  128  characters,  which  are  binary 

coded.  If  a  certain  computer  generates  1,000,000 

character  per  second,  the  minimum  bandwidth  required 

to  transmit  this  signal  will  be 

(A)  1.4  M  bits/sec  (B)  14  M  bits/sec 

(C)  7  M  bits/sec  (D)  0.7  M  bits/sec 

m  A  binary  channel  with  capacity  36  k  bits/sec  is 
available  for  PCM  voic  transmission.  If  signal  is  band 
limited  to  3.2  kHz,  then  the  appropriate  values  of 
quantizing  level  L  and  the  sampling  frequency  will  be 
(A)  32,  3.6  kHz  (B)  64,  7.2  kHz 

(C)  64,  3.6  kHz  (D)  32,  7.2  kHz 

^3  Fig.P7.4.18  shows  a  PCM  signals  in  which 
amplitude  level  of  +  1  volt  and  -  1  volt  are  used  to 
represent  binary  symbol  1  and  0  respectively.  The  code 
word  used  consists  of  three  bits.  The  sampled  version  of 
analog  signal  from  which  this  PCM  signal  is  derived  is 


Fig.P7.4.18 

(A)  4  5  1  2  1  3  (B)  8  4  3  1  2 

(0  64  3  1  7  (D)  1  2  3  4  5 


EE3  The  minimum  transmission  bandwidth  is 
(A)  218.16  kHz  (B)  468.32  kHz 

(C)  136.32  kHz  (D)  None  of  the  above 

m  A  Television  signal  is  sampled  at  a  rate  of  20% 
above  the  Nyquist  rate.  The  signal  has  a  bandwidth  of  6 
MHz.  The  samples  are  quantized  into  1024  levels.  The 
minimum  bandwidth  required  to  transmit  this  signal 
would  be 

(A)  72  M  bits/sec  (B)  144  M  bits/sec 

(C)  72  k  bits/sec  (D)  144  k  bits/sec 


A  PCM  system  uses  a  uniform  quantizer  followed  by 
a  8-bit  encoder.  The  bit  rate  of  the  system  is  equal  to  108 
bits/s.  The  maximum  message  bandwidth  for  which  the 
system  operates  satisfactorily  is 
(A)  25  MHz  (B)  6.25  MHz 

(C)  12.5  MHz  (D)  50  MHz 

^3  Twenty-four  voice  signals  are  sampled  uniformly  at 
a  rate  of  8  kHz  and  then  time-division  multiplexed.  The 
sampling  process  uses  flat-top  samples  with  1  ps 
duration.  The  multiplexing  operating  includes  provision 
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for  synchronization  by  adding  and  extra  pulse  of  1  ps 

duration.  The  spacing  between  successive  pulses  of  the 

multiplexed  signal  is 

(A)  4  ps  (B)  6  ps 

(C)  7.2  ps  (D)  8.4  ps 

K-i'l  A  linear  delta  modulator  is  designed  to  operate  on 
speech  signals  limited  to  3.4  kHz.  The  sampling  rate  is 
10  time  the  Nyquist  rate  of  the  speech  signal.  The  step 
size  S  is  100  m  V.  The  modulator  is  tested  with  a  this 
test  signal  required  to  avoid  slope  overload  is 
(A)  2.04  V  (B)  1.08  V 

(C)  4.08  V  (D)  2.16  V 

Statement  fo  Question  22-23  : 

Consider  a  linear  DM  system  designed  to 
accommodate  analog  message  signals  limited  to  bandwidth 
of  3.5  kHz.  A  sinusoidal  test  signals  of  amplitude  Amax  =  1 
V  and  frequency  fm  =  800  Hz  is  applied  to  system.  The 
sampling  rate  of  the  system  is  64  kHz. 

^3  The  minimum  value  of  the  step  size  to  avoid 
overload  is 

(A)  240  mV  (B)  120  mV 

(C)  670  mV  (D)  78.5  mV 

The  granular-noise  power  would  be 
(A)  1.68  x  10"3  W  (B)  2.86  x  10~4  W 

(C)  2.48  x  10  3  W  (D)  1.12  x  10"4  W 

gJJ  The  SNR  will  be 

(A)  298  (B)  1.75xl0-3 

(C)  4.46  x  103  (D)  201 

^3  The  output  signal-to-quantization-noise  ratio  of  a  10-bit 
PCM  was  found  to  be  30  dB.  The  desired  SNR  is  42  dB.  It 
can  be  increased  by  increasing  the  number  of  quantization 
level.In  this  way  the  fractional  increase  in  the  transmission 
bandwidth  would  be  (assume  log2 10  =0.3) 

(A)  20%  (B)  30% 

(C)  40%  (D)  50% 

Statement  for  Question  26-27. 


quantized  into  256  level  using  a  p-low  quantizer  with 
p  =225. 

^3  The  signal-to-quantization-noise  ratio  is 
(A)  34.91  dB  (B)  38.06  dB 

(C)  42.05  dB  (D)  48.76  dB 

E7M  It  was  found  that  a  sampling  rate  20%  above  the 

rate  wou71d  be  adequate.  So  the  maximum  SNR,  that 

can  be  realized  without  increasing  the  transmission 

bandwidth,  would  be 

(A)  60.4  dB  (B)  70.3  dB 

(C)  50.1  dB  (D)  None  of  the  above 

ETHI  For  a  PCM  signal  the  compression  parameter 
p  =  100  and  the  minimum  signal  to  quantization-noise 
ratio  is  50  dB.  The  number  of  bits  per  sample  would  be. 
(A)  8  (B)  10 

(C)  12  (D)  14 

ETB  A  sinusoid  massage  signal  m(t)  is  transmitted  by 
binary  PCM  without  compression.  If  the  signal 
to-quantization-noise  ratio  is  required  to  be  at  least  48 
dB,  the  minimum  number  of  bits  per  sample  will  be 

(A)  8  (B)  10 

(C)  12  (D)  14 

5TB  A  speech  signal  has  a  total  duration  of  20  sec.  It  is 

sampled  at  the  rate  of  8  kHz  and  then  PCM  encoded. 

The  signal-to-quantization  noise  ratio  is  required  to  be 

40  dB.  The  minimum  storage  capacity  needed  to 

accommodate  this  signal  is 

(A)  1.12  KBytes  (B)  140  KBytes 

(C)  168  KBytes  (D)  None  of  the  above 

The  input  to  a  linear  delta  modulator  having  fa 
step-size  A  =0.628  is  a  sine  wave  with  frequency  fm  and 
peak  amplitude  Em .  If  the  sampling  frequency  fs  =  40 
kHz,  the  combination  of  the  sine-wave  frequency  and 
the  peak  amplitude,  where  slope  overload  will  take 
piace  is 

E  f 

(A)  0.3  V  8  kHz 

(B)  1.5  V  4  kHz 

(C)  1.5  V  2  kHz 

(D)  3.0  V  1  kHz 


A  signal  has  a  bandwidth  of  1  MHz.  It  is  sampled 

at  a  rate  50%  higher  than  the  Nyquist  rate  and 
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£71  A  sinusoidal  signal  with  peak-to-peak  amplitude  of 
1.536  V  is  quantized  into  128  levels  using  a  mid-rise 
uniform  quantizer.  The  quantization-noise  power  is 

(A)  0.768  V  (B)48xHT6V2 

(C)  12  x  10~6V2  (D)  3.072  V 

PS]  A  signal  is  sampled  at  8  kHz  and  is  quantized  using 
8  bit  uniform  quantizer.  Assuming  SNR/;  for  a 
sinusoidal  signal,  the  correct  statement  for  PCM  signal 
with  a  bit  rate  of  R  is 

(A)  R  =  32  kbps,  SNR?  =  25.8  dB 

(B)  R  =  64  kbps,  SNR?  =  49.8  dB 

(C)  R  =  64  kbps,  SNR5  =  55.8  dB 

(D)  R  =  32  kbps,  SNR5  =  49.8  dB 

A  1.0  kHz  signal  is  flat-top  sampled  at  the  rate  of 
180  samples  sec  and  the  samples  are  applied  to  an  ideal 
rectangular  LPF  with  cat-off  frequency  of  1100  Hz,  then 
the  output  of  the  filter  contains 

(A)  only  800  Hz  component 

(B)  800  and  900  Hz  components 

(C)  800  Hz  and  1000  Hz  components 

(D)  800  Hz,  900  and  1000  Hz  components 


S3!  Four  signals  g^t),  g2(t),  gs(t )  and  g4(t)  are  to  be 
multiplexed  and  transmitted,  g^t)  and  g4(t)  have  a 
bandwidth  of  4  kHz,  and  the  remaining  two  signals 
have  bandwidth  of  8  kHz,.  Each  sample  requires  8  bit 
for  encoding.  What  is  the  minimum  transmission  bit 
rate  of  the  system. 

(A)  512  kbps  (B)  16  kbps 

(C)  192  kbps  (D)  384  kbps 

£71  Three  analog  signals,  having  bandwidths  1200  Hz, 
600  Hz  and  600  Hz,  are  sampled  at  their  respective 
Nyquist  rates,  encoded  with  12  bit  words,  and  time 
division  multiplexed.  The  bit  rate  for  the  multiplexed 
signal  is 

(A)  115.2  kbps  (B)  28.8  kbps 

(C)  57.6  kbps  (D)  38.4  kbps 


?71  The  minimum  sampling  frequency  (in  samples/sec) 
required  to  reconstruct  the  following  signal  form  its 
samples  without  distortion  would  be 
x(t)  -  ^^rclOOOf  V  +  J  sin27il000/Y 

\  nt  J  \  nt  J 


(A)  2  x  103  B)  4  x  103 

(C)  6  x  103  (D)  8  x  103 


The  Nyquist  sampling  interval,  for  the  signal 
sinc(700£)  +  sinc(500/)  is 


(A) - sec 

350 


(C) - sec 

700 


(B)  —  sec 
350 


(D)  —sec 

175 


£71  A  signal  x(t)  =  100  cos(24;t  x  103)/  is  ideally  sampled 

with  a  sampling  period  of  50  psec  and  then  passed 

through  an  ideal  lowpass  filter  with  cutoff  frequency  of 

15  KHz.  Which  of  the  following  frequencies  is/are 

present  at  the  filter  output 

(A)  12  KHz  only  (B)  8  KHz  only 

(C)  12  KHz  and  9  KHz  (D)  12  KHz  and  8  KHz 

£71  In  a  PCM  system,  if  the  code  word  length  is 
increased  form  6  to  8  bits,  the  signal  to  quantization 
noise  ratio  improves  by  the  factor. 


m  The  minimum  step-size  required  for  a 
Delta-Modulator  operating  at32  K  samples/sec  to  track 
the  signal  (here  u(  t)  is  the  nuit  function) 
x(t)  =  125 t(u(t)  -  u(t  - 1))  +  (250  - 125 t)(u(t  - 1)  -  u(t  -  2)s 
so  that  slope  overload  is  avoided,  would  be 

(A)  2~10  (B)  2“8 

(C)  2-6  (D)  2'4 

Four  signals  each  band  limited  to  5  kHz  are 
sampled  at  twice  the  Nyquist  rate.  The  resulting  PAM 
samples  are  transmitted  over  a  single  channel  after 
time  division  multiplexing.  The  theoretical  minimum 
transmissions  bandwidth  of  the  channel  should  be 
equal  to. 

(A)  5  kHz  (B)  20  kHz 

(C)  40  kHz  (D)  80  kHz 


HyJ  Four  independent  messages  have  bandwidths  of  100 

Hz,  100  Hz,  200  Hz  and  400  Hz  respectively.  Each  is 
www.qatehelp.com 
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sampled  at  the  Nyquist  rate,  time  division  multiplexed 
and  transmitted.  The  transmitted  sample  rate,  in  Hz, 
is  given  by 

(A)  200  (B)  400 

(C)  800  (D)  1600 

The  Nyquist  sampling  rate  for  the  signal 
git )  =10cos(507tt)cos2(150jtt).  Where  ’/’is  in  seconds,  is 

(A)  150  samples  per  second 

(B)  200  samples  per  second 

(C)  300  samples  per  second 

(D)  350  samples  per  second 

A  TDM  link  has  20  signal  channels  and  each 
channel  is  sampled  8000  times/sec.  Each  sample  is 
represented  by  seven  binary  bits  and  contains  an 
additional  bit  for  synchronization.  The  total  bit  rate  for 
the  TDM  link  is 

(A)  1180  K  bits/sec  (B)  1280  K  bits/sec 

(C)  1180  M  bits/sec  (D)  1280  M  bits/sec 

In  a  CD  player,  the  sampling  rate  is  44.1  kHz  and 
the  samples  are  quantized  using  a  16-bit/sample 
quantizer.  The  resulting  number  of  bits  for  a  piece  of 
music  with  a  duration  of  50  minutes  is 
(A)  1.39  x  109  (B)  423  x  109 

(C)  8.46  x  109  (D)1223xl09 

Four  voice  signals,  each  limited  to  4  kHz  and 
sampled  at  Nyquist  rate  are  converted  into  binary  PCM 
signal  using  256  quantization  levels.  The  bit 
transmission  rate  for  the  time-division  multiplexed 
signal  will  be 

(A)  8  kbps  (B)  64  kbps 

(C)  256  kbps  (D)  512  kbps 

v  Analog  data  having  highest  harmonic  at  30  kHz 
generated  by  a  sensor  has  been  digitized  using  6  level 
PCM.  What  will  be  the  rate  of  digital  signal  generated? 

(A)  120  kbps  (B)  200  kbps 

(C)  240  kbps  (D)  180  kbps 

In  a  PCM  system,  the  number  of  quantization  levels 
is  16  and  the  maximum  lsignal  frequency  is  4  kHz.;  the 
bit  transmission  rate  is 

(A)  32  bits/s  (B)  16  bits/s 

(C)  32  kbits/s  (D)  64  dbits/s 
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ETil  A  speech  signal  occupying  the  bandwidth  of  300  Hz 

to  3  kHz  is  converted  into  PCM  format  for  use  in  digital 

communication.  If  the  sampling  frequency  is8  kHz  and 

each  sample  is  quantized  into  256  levels,  then  the 

output  bit  the  rate  will  be 

(A)  3  kb/s  (B)  8  kb/s 

(C)  64  kb/s  (D)  256  kb/s 

If  the  number  of  bits  in  a  PCM  system  is  increased 
from  n  to  n  +  1,  the  signal-to-quantization  noise  ratio 
will  increase  by  a  factor. 


(A)  (?l  +  1) 

(B)  in 

n 

(C)  2 

(D)  4 

In  PCM  system,  if  the  quantization  levels  are 
increased  form  2  to  8,  the  relative  bandwidth 
requirement  will. 

(A)  remain  same  (B)  be  doubled 

(C)  be  tripled  (D)  become  four  times 

kfcl  Assuming  that  the  signal  is  quantized  to  satisfy  the 
condition  of  previous  question  and  assuming  the 
approximate  bandwidth  of  the  signal  is  W.  The 
minimum  required  bandwidth  for  transmission  of  a 
binary  PCM  signal  based  on  this  quantization  scheme 
will  be. 

(A)  5  W  (B)  10  W 

(C)  20  W  (D)  None  of  the  above 


www.gatehelp.com 


UNIT  7 


GATE  EC  BY  RK  Kanodia 


Communication  System 


16.  (C)  128=  27,.  We  need  7  bits/character.  For  1,000,000 
character  we  need  7  Mbits/second.  Thus  minimum 
bandwidth  =  7  Mbits/sec. 

17.  (D)  fs  >24=6400  Hz,  nfs  <  63000 

„  ^  36000  r  _0n_Q0  r_  36000  _  n  0  n 

m  ^ - —  5.63,  tv  —  5,  L  —  2  —  32,  f  — - —  72  kHz. 

6400  5 

18.  (D)  The  transmitted  code  word  are 


0  0 

1 

0 

1 

0  0 

111 

0  0 

1 

0 

1 

Fig.S.7.6.18 

In  1st  word  001(1) 

In  2nd  word  010(2) 

In  3rd  word  011(3) 

In  4th  word  100(4) 

In  5th  word  101  (5) 

19.  (B)  Message  bandwidth=  W ,  Nyquist  rate  =2W 
Bandwidth  =2W  x  8  =  16W  bit/s 
1 08 

16W=  10s,  or  W=—  =  625  MHz 
16 


20.  (A)  Sampling  interval  T,  =  —  =  125  ps.  There  are  24 

8k 

channels  and  1  sync  pulse,  so  the  time  allotted  to  each 
channel  is  Tc  =  =  5  ps.  The  pulse  duration  is  1  ps.  So 

the  time  between  pulse  is  4  ps. 

21.  (B)  A  =  =  01  x  68^  =  1.08  V 

max  m  2  71  x  103 


22.(D)Ama  =%-  or  §  =  — 


1  x  2?t  x  800 
50  x  103 


=  78.5  mV 


23.  (D)  Na  =  = 

6TS 


5 2B  (0.0785)2  x  3500  , ,  on  . 


3 x  64000 


=  1.122  x  10  4  W 


26.  (B) 


3L2 


Na  [ln(p  + 1)]2 


=  6394  =  38.06  dB 


27.  (C)  Nyquist  Rate  =2  MHz 

50%  higher  rate  =  3  MHz,  L  =256  =2S 

Thus  transmission  bandwidth  is  3  MHz  x  8  =  24  Mbits/s. 

New  sampling  rate  is  at  20%  above  the  Nyquist  rate. 

Sampling  rate=  12  x  2  =2.4  MHz. 

24Mbits 

bits  per  second=-  sec 


2AMHz 


10  bits 


Level  =210  =1024,  -^l  = 


3(1024)2 


N„  (In  256) 


=  102300=50.1  dB 


28.  (B) 


3L2 


3  L2 


Na  [ln(p  + 1)]5 


>50  dB,  p  =100 


=  100000  or  L  =  842.6 


[In  101)2 

Because  L  is  power  of  2,  we  select  L  =  1024  =210. 
Thus  10  bits  are  required. 


— s —  3m„ 

29.  (A)  Sa  =  m  (t),  Na  =  p 


3  L2m\t) 


3L2  ’  N„ 


since  signal  is  sinusoidal 


m2(t)  1 


3L2 


=  48  dB  =  63096,  L  =205.09 


Since  L  is  power  of  2,  so  we  select  L  =256 
Hence  256  =  2s,  So  8  bits  per  sample  is  required 

30.  (B)  (SNK)q  =  1.76  +  6.02(n)  =  40 dB,  n  =  6.35 
We  take  the  n  =7. 

Capacity  =  20  x  8£  x  7  =  1.12  Mbits  =  140  Kbytes 


31.  (B)  For  slope  overload  to  take  place  Em 


2 


This  is  satisfied  with  Em  =1.5  V  and  fm  =  4  kHz. 


24.  (C)  = - 115 — -  =  4.46  x  103 

N„  1.12  x  10'4 


25.  (A)  —  oc  L2, 
N„ 


L=2n\ 

J  dB 


=  101og(C22n) 


=  log  C  +  20  nlog2  =  a  +  6n  dB.  This  equation  shows 
that  increasing  n  by  one  bits  increase  the  by  6  dB. 
Hence  an  increase  in  the  SNR  by  12  dB  can  be 
accomplished  by  increasing  9is  form  10  to  12,  the 
transmission  bandwidth  would  be  increased  by  20% 


2m„  1536 

32.  (C)  Step  size  5= — tl=±^V=  0.012  V 
L  128 


quantization  noise  power 
_  82  _  (0.012)2 
”  12  ”  12 


=  12x  10“6  V2 


33.  (B)  Bit  Rate  =  8kx  8  =  64  kbps 

(SNR)  =  1.76  +  6.02 n  dB  =  1.76  +  6.02  x  8  =  49.8  dB 


34.  (B)  fs  =  1800  samples/sec,  fm  = 


1800 


=  900  Hz 
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Since  the  sampling  rate  is  1800  samples/sec  the  highest 
frequency  that  can  be  recovered  is  900  Hz. 

35.  (C)  x(£)  =  sinc  700£  +  sine  500 1 

=  —  [sin7007i£  +  sin  500ti£1 
ntl  J 

x(t)  is  band  limited  with  fm  =  350  Hz,  Thus  Nyquist 
rate  is  2  fm  =700  Hz,  Sampling  interval  =  -  sec 


36.  (D)  f '  =  —  = - 1 — -  =  20  kHz,  f  =  12  kHz 

T  50  x  10 


The  frequency  passed  through  LPF  are  fc,  fs  -  fm  or  12 
kHz,  8  kHz 


37.  (C)  P  =  (SNR>1 
(SNR), 


2i2n2 
2 ^ 


,  Here  n  =  code  word  length, 


nl=€>1  n2  =8, 


pl6 

Thus  rate  =  — w  =  16 
2 


38.  (D)  Signal  g,(£),  g2(t),  gs(t)  and  g^t)  will  have  8  k,  8 
k,  16  k  and  16  k  sample/sec  at  Nyquist  rate.  Thus 
48000  sample/sec  bit  rate  48000  x  8  =  384  kbps 

39.  (C)  Analog  signals,  having  bandwidth  1200  Hz,  600 
Hz  and  600  Hz  have  2400,  1200  samples/sec  at  Nyquist 
rate.  Hence  48000  sample/sec 

bit  rate  =48000  sample/sec  xl2  =57.6  kbps 


44.  (D)  g(£)  =  10cos50ji£ 


1  +  cos  3007it^| 

~2  J 


=  5cos  50tt£  +  5cos  50ji£cos  300n:£ 

The  maximum  frequency  component  will  be 
150  +25  =175  Hz. 

Thus  fs  =2  x  175  =  3.50  sample  per  second. 


45.  (B)  Total  sample  =  8000  x  20  =  160  k  sample/sec 

Bit  for  each  sample  =7  +  1  =  8 

Bit  Rate  =  160k  x  8  =  1280  x  103  bits/sec 


46.  (B)  The  sampling  rate  is  fs  =  44100  meaning  that  we 
take  44100  samples  per  second.  Each  sample  is 
quantized  using  16  bits  so  the  total  number  of  bits  per 
second  is  44100x16.  For  a  music  piece  of  duration  50 
min  =  3000-  sec  the  resulting  number  of  bits  per 
channel  (left  and  right)  is  44100  x  16  x  3000 
=  2.1168  x  109  and  the  overall  number  of  bits  is 
2.1168  x  109  x  2  =  42336  x  109 


47.  (C)  Nyquist  Rate  =  2  x  4k  =  8  kHz 
Total  sample  =  4  x  8  =  32  k  sample/sec 
256  =  28,  so  that  8  bits  are  required 
Bit  Rate  =  32k  x  8  =  256  kbps 

48.  (D)  Nyquist  Rate  =2  x  30k  =  60  kHz 

2"  >  6  Thus  n  =  3,  Bit  Rate  =  60  x  3  =  18  kHz 


40.  (C)  x{t)  =5| 


sin27il000£  j 


Tt  t 


sin27il000£Y 


n  t 


Maximum  frequency  component  =  3  x  1000  =  3  kHz 
Sampling  rate  =2  fm  =6  kHz 

41.  (B)  Here  fs  =  32  k  sample/sec 
Em=  125,  fm=\=\ 


For  slope-overload  to  be  averted  Em>  — 

f m 

A  <Emfm  or  A<  125^„  or  A<  (128)('2)  orA<2~ 


32  x  103 


32  x  1024 


42.  (D)  fm  =5  kHz,  Nyquist  Rate  =  2x5  =10  kHz 
Since  signal  are  sampled  at  twice  the  Nyquist  rate  so 
sampling  rate  =2  x  10  =20  kHz. 

Total  transmission  bandwidth  =  4  x  20  =  80  kHz 


49.  (C)  Nyquist  rate=2  x  4  =  8  kHz 

2"=  16  or  n  =  4,  Bit  Rate  =  4  x  8  =  32  kbits/sec 

50.  (C)  fs  =  8  kHz,  2“  =256  =>  n  =  8 
Bit  Rate  =  8  x  8k  =  64  kb/x 

51.  (D)  a  22n ,  If  PCM  is  increased  form  n  to  n  +  1, 

N0 

the  ratio  will  increase  by  a  factor  4.  Which  is 
independent  of  n. 

52.  (C)  If  L  =2,  then  2=2"  or  n  =  1  ND  If  L  =  8,  then 
8=2"  or  n  =  3.  So  relative  bandwidth  will  be  tripled. 

53.  (B)  The  minimum  bandwidth  requirement  for 
transmission  of  a  binary  PCM  signal  is  BW=  vW.  Since 
v  =  10,  we  have  BW  =  10  W 


43.  (D)  Signal  will  be  sampled  200,  200,  400  and  800 

sample/sec  thus  1600  sample  per  second,  *********** 
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Statement  for  Question  1-3  : 

A  pseudo-noise  (PN)  sequance  is  generated  using  a 
feedback  shift  register  of  length  m  =  4.  The  chip  rate  is 
107chips  per  second 

3  The  PN  sequance  length  is 
(A)  10  (B)  12 

(C)  15  (D)  18 

3  The  chip  duration  is 

(A)  lps  (B)  0.1  ps 

(C)  0.1  ms  (D)  1  ms 

!  ]  The  period  of  PN  sequance  is 

(A)  1.5  ps  (B)  15  ps 

(C)  6.67  ns  (D)  0.67  ns 

Statement  for  Question  4-5: 

A  direct  sequence  spread  binary  phase-shift- 
keying  system  uses  a  feedback  shift  register  of  Length 
19  for  the  generation  of  PN  sequence  .  The  system  is 
required  to  have  an  average  probability  of  symbol  error 
due  to  externally  generated  interfering  signals  that 
does  not  exceed  10  ~5 

3  The  processing  gain  of  system  is 
(A)  37  dB  (B)  43  dB 

(C)  57  dB  (D)  93  dB 
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y  The  Antijam  margin  is 

(A)  47.5  dB  (B)  93.8  dB 

(C)  86.9  dB  (D)  12.6  dB 

3  A  slow  FH/MFSK  system  has  the  following 

parameters. 

Number  of  bits  per  MFSK  symbol  =  4 
Number  of  MFSK  symbol  per  hop  =  5 
The  processing  gain  of  the  system  is 
(A)  13.4  dB  (B)  37.8  dB 

(C)  6  dB  (D)  26  dB 

3  A  fast  FE1/MFSK  system  has  the  following 

parameters. 

Number  of  bits  per  MFSK  symbol  =  4 
Number  of  pops  per  MFSK  symbol  =  4 
The  processing  gain  of  the  system  is 
(A)  0  dB  (B)  7  dB 

(C)  9  dB  (D)  12  dB 

Statement  for  Question  8-9: 

A  rate  1/2  convolution  code  with  dfrec  =  10  is  used 
to  encode  a  data  requeence  occurring  at  a  rate  of  1  kbps. 
The  modulation  is  binary  PSK.  The  DS  spread 
spectrum  sequence  has  a  chip  rate  of  10  MHz 

Wj  The  coding  gain  is 

(A)  7  dB  (B)  12  dB 

(C)  14  dB  (D)  24  dB 
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3  The  processing  gain  is 

(A)  14  dB  (B)  37  dB 

(C)  58  dB  (D)  104  dB 

EE!  A  total  of  30  equal-power  users  are  to  share  a 
common  communication  channel  by  CDM.  Each  user 
transmit  information  at  a  rate  of  10  kbps  via  DS  spread 
spectrum  and  binary  PSK.  The  minimum  chip  rate  to 
obtain  a  bit  error  probability  of  10“5 
(A)  1.3  x  106  chips/sec  (B)  2.9  x  105  chips/sec 

(C)  1.9  x  106  chips/sec  (D)  1.3  x  105  chips/sec 

m  A  CDMA  system  is  designed  based  on  DS  spread 
spectrum  with  a  processing  gain  of  1000  and  BPSK 
modulation  scheme.  If  user  has  equal  power  and  the 
desired  level  of  performance  of  an  error  probability  of 
10  6,  the  number  of  user  will  be 
(A)  89  (B)  117 

(C)  147  (D)  216 

m  In  previous  question  if  processing  gain  is  changed  to 

500,  then  number  of  users  will  be 

(A)  27  users  (B)  38  users 

(C)  42  users  (D)  45  users 

Statement  for  Question  13-15  : 

A  DS  spread  spectrum  system  transmit  at  a  rate  of 
1  kbps  in  the  presets  of  a  tone  jammer.  The  jammer 
power  is  20  dB  greater  then  the  desired  signal,  and  the 
required  eb  IJ0  to  achieve  satisfactory  performance  is 
10  dB. 

The  spreading  bandwidth  required  to  meet  the 
specifications  is 

(A)  107  Hz  (B)  103  Hz 

(C)  105  Hz  (D)  106  Hz 

m  If  the  jammer  is  a  pulse  jammer,  then  pulse  duty 
cycle  that  results  in  worst  case  jamming  is 
(A)  0.14  (B)  0.05 

(C)  0.07  (D)  0.10 

FBI  The  correspond  probability  of  error  is 
(A)  4.9  x  10“3  (B)  6.3x10  3 

(C)  9.4  x  10  4  (D)  8.3  x  10~3 


Statement  for  question  16-18  : 

A  CDMA  system  consist  of  15  equal  power  user 
that  transmit  information  at  a  rate  of  10  kbps,  each 
using  a  DS  spread  spectrum  signal  operating  at  chip 
rate  of  1  MHz.  The  modulation  scheme  is  BPSK. 


FBI  The  Processing  gain  is 

(A)  0.01 

(B)  100 

(C)  0.1 

(D)  10 

EH  The  value  of  sb/J0  is 

(A)  8.54  dB 

(B)  7.14  dB 

(C)  17.08  dB 

(D)  14.28  dB 

FBI  How  much  should  the  processing  gain  be  increased 

to  allow  for  doubling  the  number  of  users  with  affecting 
the  autopad  SNR 

(A)  1.46  MHz  (B)  2.07  MHz 

(C)  4.93  MHz  (D)  2.92  MHz 

E0  A  DS/BPSK  spread  spectrum  signal  has  a 
processing  gain  of  500.  If  the  desired  error  probability  is 
10  5  and  (e6  /  J0)  required  to  obtain  an  error  probability 
of  10  5  for  binary  PSK  is  9.5  dB,  then  the  Jamming 
margin  against  a  containers  tone  jammer  is 
(A)  23.6  dB  (B)  17.5  dB 

(C)  117.4  dB  (D)  109.0  dB 

Statement  for  Question  20-21  : 

An  m  =  10  ML  shift  register  is  used  to  generate  the 
pre  hdarandlm  sequence  in  a  DS  spread  spectrum 
system.  The  chip  duration  is  Tc  =  l  ps  and  the  bit 
duration  is  Tb  =  NTc,  where  N  is  the  length  (period  of 
the  m  sequence). 

ETil  The  processing  gain  of  the  system  is 
(A)  10  dB  (B)  20  dB 

(C)  30  dB  (D)  40  dB 

2!  If  the  required  e  JJQ  is  10  and  the  jammer  is  a  tone 
jammer  with  an  average  power  Jav,  then  jamming 
margin  is. 

(A)  10  dB  (B)  20  dB 

(C)  30  dB  (D)  40  dB 
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Statement  for  Question  22-23  : 

An  FH  binary  orthogonal  FSK  system  employs  an 
m  =  15  stage  liner  feedback  shift  register  that  generates 
an  ML  sequence.  Each  state  of  the  shift  register  selects 
one  of  L  non  over  lapping  frequency  bands  in  the 
hopping  pattern.  The  bit  rate  is  100  bits/s.  The 
demodulator  employ  non  coherent  detection. 

^3  If  the  hop  rate  is  one  per  bit,  the  hopping  bandwidth 
for  this  channel  is 

(A)  6.5534  MHz  (B)  9.4369  MHz 

(C)  2.6943  MHz  (D)  None  of  the  above 

5Til  Suppose  the  hop  rate  is  increased  to  2  hops/bit  and 
the  receiver  uses  square  law  combining  the  signal  over 
two  hops.  The  hopping  bandwidth  for  this  channel  is 
(A)  3.2767  MHz  (B)  13.1068  MHz 

(C)  26.2136  MHz  (D)  1.6384  MHz 

Statement  for  Qquestion  24-25  : 

In  a  fast  FH  spread  spectrum  system,  the 
information  is  transmitted  via  FSK  with  non  coherent 
detection.  Suppose  there  are  N  =  3  hops/bit  with  hard 
decision  decoding  of  the  signal  in  each  hop.  The  channel 
is  AWGN  with  power  spectral  density  \  .A0  and  an  SNR 
20-13  dB  (total  SNR  over  the  three  hops) 

^3  The  probability  of  error  for  this  system  is 
(A)  0.013  (B)  0.0013 

(C)  0.049  (D)  0.0049 

^3  In  case  of  one  hop  per  bit  the  probability  of  error  is 
(A)  1.96  x  10  5  (B)  1.96  x  l(r7 

(C)  227  x  10~5  (D)  227  x  10“7 


(A)  0.4  GHz  (B)  0.6  GHz 

(C)  0.7  GHz  (D)  0.9  GHz 

l%l  The  probability  of  error  for  the  worst-case  partial 
band  jammer  is 

(A)  0.2996  (B)  0.1496 

(C)  0.0368  (D)  0.0298 

^3  The  minimum  hop  rate  for  a  FH  spread  spectrum 

system  that  will  prevent  a  jammer  from  operating  five 

onives  away  from  the  receiver  is 

(A)  3.2  bHz  (B)  3.2  MHz 

(C)  18.6  MHz  (D)  18.6  kHz 


Statement  for  Question  26-29  : 

A  slow  FH  binary  FSK  system  with  non  coherent 
detection  operates  at  zb  /  J0=  10,  with  hopping 
bandwidth  of  2  GHz,  and  a  bit  rate  of  10  kbps. 

ETil  The  processing  gain  of  this  system  is 
(A)  23  dB  (B)  43  dB 

(C)  43  dB  (D)  53  dB 

If  the  jammer  operates  as  a  partial  band  jammar, 

the  bandwidth  occupancy  for  worst  case  jamming  is 
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1.  (C)  The  PN  sequence  length  is 
N=2m  -1=24  -1  =  15 

2.  (B)  The  chip  duration  is 

Tc=  -^=-s  =0.1  ms 
c  107 

3.  (A)  The  period  of  the  PN  sequence  is 
T=  NTC  =15x0.1  =  1.5  ps 

4.  (C)  m=  19 

n=2m  - 1  =  219  -  1  =  219 

The  processing  gain  is  101og10  N=  101og10  219 
=  190x0.3  or  57  dB 


W/R 

W/R 

e6 

JaJPav 

Nu~  1 

Jo 

W/R  = 

f-^-W  ■ 

-1) 

Uoi 

W=R\ 

—\nu  - 

-1) 

\ 

Jj 

where  R  =  104  bps,  Nu  =  30  and  e6  /  J0  =  10 
Therefore,  W=  2.9  x  106  Hz 

The  minimum  chip  rate  is  1/  T  =  W  =2.9  x  106  chips/sec 


11.  (D)  To  achieve  an  error  probability  of  10  6,  we 
required  f  —  ]  =  10.5  dB 

UoL 

Then,  the  number  of  users  of  the  CDMA  system  is 

AJ  W/R  .  1000  1  QQ 

N„  = - +  1  = - +  1  =  89  users 

eb/J0  11.3 


5.  (A)  Antijam  margin  =  (Processing  gain)  -  lOlogJ 


Eb) 

N0) 


The  probability  of  error  is 


With  Pe  =  10  5,  we  have  Eb  I  N0  =  9. 

Hence,  Antijam  margin  =57  -101og109  =57  -9.5 
or  =47.5  dB 


6.  (D)  The  precessing  gain  (PG)  is 
pG  =  FH  Bandwidth  =W£  =  5x4=2Q 

Symbol  Rate  Rs 

Hence,  expressed  in  decibels,  PG=101og1020  =26  db 

7.  (D)  The  processing  gain  is 
PG  =  4  x  4  =  16 

Hence,  in  decibels, 

PG  =  10  log10 16  =  12  dB 

8.  (A)  The  coding  gain  is  i?edmin=  —  x  10  =5  or  7  dB 

2 


12.  (D)  If  the  processing  gain  is  reduced  to  W/R  =  500, 
then 

N= - h  1  =  45  users 

11.3 

13.  (D)  We  have  a  system  where  (JaJPau)dB  =20  dB, 
R  =1000  bps  and  (eb  /JQ)dB  =10  dB 

Hence,  we  obtain  f— )  =( +(  —  )  =30  dB 

UL  V  Pav  JdB  V  ^0  )dB 

— =  1000 
R 

W=1000i?=106  Hz 

14.  (C)  The  duty  cycle  of  a  pulse  jammer  of  worst-case 

.  .  0.71  0.7  n._ 

jamming  is  a  = - = — =0.07 

e6  /J0  10 


15.  (D)  The  corresponding  probability  of  error  for  this 
worst-case  jamming  is 


0.083 


0.083 

10 


=  8.3  x  10“3 


9.  (B)  The  processing  gain 
W  _  107 
R  2x  103 


=  5x  103  or  37  dB 


10.  (C)  We  assume  that  the  interference  is  characterized 
as  a  zero-mean  AWGN  process  with  power  spectral 
density  J0.  To  achieve  an  error  probability  of  10“5,  the 
required  eb  /J0  =  10  we  have 


W  106 

16.  (B)  Precessing  gain  is  — =  — r  =  100 

R  104 


17.  (A)  We  have  Ai„  =  15  users  transmitting  at  a  rate  of 
10,000  bps  each,  in  a  bandwidth  of  W  =  1  MHz. 

106  /  104  _  100 
14  ~lA 


The  zj J0  is.  S,)  =  ^Ii- 
b  °  J „  N  -1 


=  7.14  or  8.54  dB 
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18.  (B)  With  Nu=  30  and  eb/J0  =7.14,  the  processing 
gain  should  be  increased  to 

W/R=  (7.14X29)  =207 
W=207x  104=2.07  MHz 

Hence  the  bandwidth  must  be  increased  to  2.07  MHz 

19.  (B)  The  processing  gain  is  given  as 

—=500  or  27  dB 
R 

The  (eb/J0)  required  to  obtain  an  error  probability  of 
10“5  for  binary  PSK  is  9.5  dB.  Hence,  the  jamming 
margin  is 


2 

where  ec  /  N0  =  20  /  3.  The  probability  of  a  bit  error  is 
Pb=l-(l-p)2=l-(l-2p  +  p2)=2p-p2 

=  e  2N°  -  —  e  2JV°  =0.0013 
2 

25.  (C)  In  the  case  of  one  hop  per  bit,  the  SNR  per  bit  is 

£c 

20,  Hence,  Pb=  -  e_2*°  =  -  e~10  =  227  x  10  s 
6  2  2 

26.  (D)  We  are  given  a  hopping  bandwidth  of  2  GHz  and 
a  bit  rate  of  10  kbs. 

Hence,  —  =  2  *  10  =  2  x  10  5or  53  dB 
R  104 


20.  (C)  The  period  of  the  maximum  length  shift  register 
sequence  is 

IV  =210  -1  =  1023 

Since  Tb  =  NT  then  the  processing  gain  is 

NT^  =  1023  or  30  dB 
T 

21.  (B)  A  Jamming  margin  is 

("O  =  0O  -fit]  =30-10=20  dB 

V  ^av  ) dB  l  Rb  ) dB  l  JdB 

where  Jav=J0W  *J0/Tc=J0x  106 

22.  (A)  The  length  of  the  shift-register  sequence  is 
L  =  2m  - 1215  - 1  =  32767  bits 

For  binary  FSK  modulation,  the  minimum  frequency 
separation  is  2 IT,  where  1  IT  is  the  symbol  (bit)  rate. 
The  hop  rate  is  100  hops/sec.  Since  the  shift  register 
has  L  =  32767  states  and  each  state  utilizes  a 
bandwidth  of  2/ T=  200  Hz,  then  the  total  bandwidth 
for  the  FH  signal  is  6.5534  MHz. 


27.  (A)  The  bandwidth  of  the  worst  partial-band 
jammer  is  a*W,  where 

a*W  =2/(e6/J0)  =02 
Hence  a*W=0.4  GHz 

28.  (C)  The  probability  of  error  with  worst-case 

partial-band  jamming  is  P2=  — - - =  - —  =  3.68  x  10“2 

(e6/  J  0)  10 


29.  (D)  d=  5  miles  =8050  meters 

Ad=2  x  8050=16100 

,7  ,  Ad 

A d=  xx  t  or  t  =  — 
t 

Ad  16100  rnnr7  ln5 

=>  t= —  = - r  =5.367  x  105 

x  3  x  108 


f=-  = - 1 - 

t  5.367  x  10"5 


=  18.63  kHz 


23.  If  the  hopping  rate  is  2  hops/bit  and  the  bit  rate  is 
100  bits/sec,  then,  the  hop  rate  is  200  hops/sec.  The 
minimum  frequency  separation  for  orthogonality 
2/T  =  400  Hz.  Since  there  are  N  =  32767  states  of  the 
shift  register  and  for  each  state  we  select  one  of  two 
frequencies  separated  by  400  Hz,  the  hopping 
bandwidth  is  13.1068  MHz. 


24.  (B)  The  total  SNR  for  three  hops  is  20  ~  13  dB. 

Therefore  the  SNR  per  hop  is  20/3.  The  probability  of  a 
chip  error  with  non-coherent  detection  is 
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Qj  A  field  is  given  as 
G  =  13 


x2  +  y2 


(yu,  +  3u  +  xu2) 


fil  A  field  is  given  as 


9 * 

G  =  2 - j(xux  +  yu  ) 

x  +  y 


The  field  at  point  (-2,  3,  4)  is 

(A)  13(-2u.,.  +  3uv  +  4u2)  (B)  -2ur  +  3uy  +  4u 2 

(C)  13(3ur  +  4uy  -2u2)  (D)  3u2  +  4uy  -2uz 

EH  A  field  is  given  as  F  =  yu,  +  zu  +  xu2  The  angle 

between  G  and  u,  at  point  (2,  2,  0)  is 

(A)  45°  (B)  30° 

(C)  60°  (D)  90° 

m  A  vector  field  is  given  as 

G  =  12xyux  +  6(x2  +  2)uy  +  18z2u2 
The  equation  of  the  surface  M  on  which  |G|  =  60  is 

(A)  4x2y2  +  4x4  +  9z4  +  2x2  =96 

(B)  2*V  +  x4  +9z4  +2x2  =96 

(C)  2xV  +  4x4  +9z4  +2x2  =96 

(D)  4x2y2  +  x4  +  9z4  +  2x2  =96 

EEJ  A  vector  field  is  given  by 

E  =  4zy2u2  +  2y  sin2x  uy  +  y2  sin  2x  u2 

The  surface  on  which  Ev  =0  is 
(A)  Plane  y  =  0  (B)  Plane  x  =  0 

(C)  Plane  x  =  —  (D)  all 


The  unit  vector  in  the  direction  of  G  at  P(3,  4,  -2) 
is 

(A)  0.6u2  +0.8uy  (B)  0.8u2 +0.6uv 

(C)  0.6uy  +  0.8u2  (D)  0.6u2  +  0.6uy 

EEZ  A  field  is  given  as  F  =  xyu  r  +  yzu  y  +  zxux  The  value  of 

4  2 

the  double  integral  I  =  J  J  F  •  u  ydzdx  in  the  plane  y  =  7  is 
0  0 

(A)  128  (B)  56 

(C)  190  (D)  0 

Two  vector  extending  from  the  origin  are  given  as 
Rj  =4uje  +  3uy -2u2  and  R2  =  3ut .  -  4uy  -  6u2.  The 
area  of  the  triangle  defined  by  Ry  and  R2  is 
(A)  12.47  (B)  20.15 

(C)  10.87  (D)  15.46 

The  four  vertices  of  a  regular  tetrahedron  are 
located  at  O  (0,  0,  0),  A(0,  1,  0),  B(0.5  V3,  0.5,  0)  and  C 
(5|,  0.5,  The  unit  vector  perpendicular  (outward)  to 
the  face  ABC  is 

(A)  0.41uc  +  0.71uy  +  0.29u2 

(B)  0.47ut  +  0.82uy  +  0.33u2 

(C)  -0.47ut  -0.82uy  -0.33u2 

(D)  -0.41ut  -0.71uv  -0.29u2 


m  The  vector  field  E  is  given  by 

E  =  6zy2  cos  2x  u2  +  4xy  sin2x  uv  +  y2  sin2x  u2 
The  region  in  which  E  =  0  is 
(A)  y  =  0  (B)  x  =  0 

(C)  z  =  0  (D)  x  =  — 

2 


The  two  vector  are  R^  =20u2  +  18uy  -18u2  and 
R/W  =  - 10 u,  +  8u  +  15u2.  The  unit  vector  in  the  plane 
of  the  triangle  that  bisects  the  interior  angle  at  A  is 

(A)  0.168u2  +0.915uy  +0.367u2 

(B)  0.729ut  +  0.134uy  -0.672u2 

(C)  0.729ut  +0.134uy  +0.672u2 

(D)  0.168u2  +  0.915uy  -0.367u2 


fEl  Two  vector  fields  are  F  =  -10u2  +20x(y  -l)u  and 
G  =2x2yu2  - 4uy  +  2u2.  At  point  A(2,  3,  -4)  a  unit 
vector  in  the  direction  of  F  -  G  is 

(A)  0.18u2  +  0.98uv  ~0.05u2 

(B)  -0.18u2  -0.98uy  +  0.05u2 

(C)  -0.37u2  +0.92uy  +0.02u2 

(D)  0.37ur  ~0.92uv  -0.02u2 
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Two  points  in  cylindrical  coordinates  are  A(p=5, 
4)  =  70°,  z  =-3)  and  B(p  =2,  (|)  =  30°,z  =1).  A  unit  vector 
at  A  towards  B  is 

(A)  0.03u2  -0.82uy  +  0.57u2 

(B)  0.03u2  +  0.82 uy  +  0.57u2 

(C)  -0.82u2  +0.003uy  +0.57u2 

(D)  0.003ut  ~0.82uv  +0.57u2 
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A  field  in  cartesian  form  is  given  as 


The  vector 


D  =  iu. 


*2  +y2 


In  cylindrical  form  it  will  be 


(A)  D  =  ^ 


(C)  D  =  pu 


(BID^ 


u, 


p  COS  <|) 

(D)  D  =pu  +  cos  (f)  Uj, 


EbI  A  vector  extends  from  A(p  =4,  (|)  =  40 °,z  =  -2)  to  B( 
p=5,  4>  =  —110 0 ,  z  =1).  The  vector  is 

(A)  4.77 vlx 

(B)  -4.77 uv  -7.30uv 


7.30UJ,  +  4u2 


4u2 

(C)  -7.30u2  -  4.77uy  +  4u2 

(D)  7.30uc  +  4.77  uv  +  4u2 

The  surface  p  =  3,  p  =  5,  <|>  =  100°,  §  =  130°,  z  =  3  and 
z  =  4.5  define  a  closed  surface.  The  enclosed  volume  is 
(A)  480  (B)  5.46 

(C)  360  (D)  6.28 

The  surface  p=2,  p=4,  4>  =  45 °,  <|)  =  1350,  z  =  3  and 

z  =  4  define  a  closed  surface.  The  total  area  of  the 
enclosing  surface  is 
(A)  34.29  (B)  20.7 

(C)  32.27  (D)  16.4 

The  surface  p  =  3,  p  =  5,  §  =  100°,  §  =  130°,  z  =  3  and 

z  =  4.5  define  a  closed  volume.  The  length  of  the  longest 
straight  line  that  lies  entirely  within  the  volume  is 
(A)  3.21  (B)  3.13 

(C)  4.26  (D)  4.21 


A  vector  field  H  is 

H  =  p z2  sin  c|)  u  +  e“2  sin 


u 


-pX 


At  point  |  2,  — ,  0  |  the  value  of  H  ■  ur  is 


(A)  0.25 
(C)  -0.433 


(B)  0.433 
(D)  -0.25 


A  vector  is  A  =  yux  +  (x  +  z)uy.  At  point  P(-2,  6,  3) 
A  in  cylindrical  coordinate  is 

(B)  0.949 up  -  6.008U<|, 

(D)  6.008un  +  0.949u, 


(A)  -0.949 up  -  6.008u+ 
(C)  -6.008up-0.949u+ 


„  10 

B  =  —  ur  +  r  cos  0  ue 
r 


u. 


in  cartesian  coordinates  at  (-3,  4,  0)  is 


(A)  u.r  -2u^ 

(C)  1.36ur  +2.72u. 


(B)  -2ur  +  u v 
(D)  -2.72u  +  1.36u, 


Sill  The  two  point  have  been  given  A (20.  30°,  45°)  and 
B  (30,  115°,  160°).  The  [R^j  is 


(A)  22.2 

(C)  11.1 


(B)  44.4 
(D)  33.3 


gJJ  The  surface  r  =2  and  4,  0  =  30°  and  60°,  4>  =  20  °  and 
80°  identify  a  closed  surface.  The  enclosed  volume  is 
(A)  11.45  (B)  7.15 


(C)  6.14 


(D)  8.26 


The  surface  r  =2  and  4,  0  =  30°  and  50°  and  c|)  =  20° 
and  60°  identify  a  closed  surface.  The  total  area  of  the 
enclosing  surface  is 

(A)  6.31  (B)  18.91 


(C)  25.22 


(D)  12.61 


J  At  point  P(r  =  4,  0=0.271,  (|>  =  0.8 7t),  ur  in  cartesian 
component  is 

(A)  0.48Up  +0.35uv  +0.81u2 

(B)  0.48u2  -0.35uv  -0.81u2 

(C)  -0.48ut  +0.35uy  +0.81u2 

(D)  0.48u,  -0.35uv  -0.81u2 


The  expression  for  u  in  spherical  coordinates  at  P( 
r=  4,  0=O2ti,  i|)  =  0.87i)  is 


(A)  0.48ur 

(B)  0.35u 


0.35u„  -0.81U,!, 
0.48u„  -0.81u, 


(C)  -0.48ur  +0.35ue  -0.81u+ 

(D)  -0.35ur  +  O.48u0  -0.81u+ 

13  Given  a  vector  field 

D  =  r  sin  <)>  ur  -  —  sin  0  cos  <()  u9  +  r2ud 
r 

The  component  of  D  tangential  to  the  spherical 
surface  r  =10  at  P(10,  150°,  330°)  is 
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(A)  0.043ue  +  100u+ 

(B)  -0.043ue  -  100u+ 

(C)  110u9  +0.043u+ 

(D)  0.043ue  -  100u+ 


The  gradient  of  the  functionG  =  r3sin  20  sin  2(|>sin  0 
at  point  P  (4 ,  4)  is 

(A)  1.4  lup  +  3u2  (B)  ux  +  uy  +  u2 

(C)  3.46ur  +  9.3ue  (D)  All 


57il  The  circulation  of  F  =  x2u2  -  xzu  -  y2 u2  around  the 
path  shown  in  fig.  P8.1.36  is 


The  directional  derivative  of  function 
<5  =  xy  +  yz  +  zx  at  point  P(3,  -3,  -  3)  in  the  direction 
toward  point  Q(4,  -1,  -1)  is 

(A)  -3  (B)  1 

(C)  -2  (D)  0 

^2  The  temperature  in  a  auditorium  is  given  by 
T  =  2x 2  +  y2  -2 z2  .  A  mosquito  located  at  (2,  2,  1)  in  the 
auditorium  desires  to  fly  in  such  a  direction  that  it  will 
get  warm  as  soon  as  possible.  The  direction,  in  that  it 
must  fly  is 

(A)  8ur  +  8uy  -  4u2 

(B)  2u x  +  2uv  -u2 

(C)  4ur  +  4uy  -  4u2 

(D)  -(2u2  +  2u  y  -  u2) 


571  The  circulation  of  A  =  p  cos  <|>  up  +  z  sin  §  u2  around 
the  edge  L  of  the  wedge  shown  in  Fig.  P8.1.37  is 


y 


(C)  0  (D)  3 

The  gradient  of  field  f  =  y2x  +  xyz  is 

(A)  y(y  +  z)ux  +  x(2 y  +  z) uy  +  xyu2 

(B)  y( 2x  +  z)u2  +  x(x  +  z) uy  +  xyu2 

(C)  y2ux  +  2yxuy  +  xyu2 

(D)  y(2y  +  z)ux  +  x{2 y  +  z)Uj  +  xyu2 


5Tll  The  gradient  of  the  field  f  =p2zcos  2§  at  point 
(1,  45°,  2)  is 


(A)  4u+ 


(B)  4V2u 


<1> 

<t> 


?m  The  angle  between  the  normal  to  the  surface 
x2y  +  z=  3  and  xlnz-y2=-4  at  the  point  of 
intersection  (-1,  2,  1)  is 
(A)  73.4°  (B)  36.3° 

(C)  16.6°  (D)  53.7° 

The  divergence  of  vector  A  =yzux  +  4xyuy  +  yu2  at 
point  P(l,  -2,  3)  is 
(A)  2  (B)  -2 

(C)  0  (D)  4 


The  divergence 


A  =  2 r  cos  0  cos  <|>ur  +  r  “u 
(A)  2.6 
(C)  4.5 


of  the  vector 
at  point  P(l,  30°,  60°)  is 

(B)  1.5 

(D)  -4.5 


The  divergence  of  the  vector 

A  =  pz2  cos  <|)  up  +  z  sin2  4>  u2  is 

(A)  2pz2  cos  <|)u  +  sin2  <|>u2 

(B)  2pz2  cos  <|)  up  +  sin2  <])  u2 

(C)  2z2  cos  <|)Up  +  sin2  <|>u2 

(D)  zsin  2  —  Up  +  2pz  cos  (|)  +  z2  sin  <|)  u2 
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The  flux  of  D  =p2  cos2  <|>u  +  3sin  4> u^,  over  the 
closed  surface  of  the  cylinder  0  <  z  <  3,  p=3is 

(A)  324  (B)  81ti 

(C)  81  (D)  64ti 

The  curl  of  vector  A  =  elvuf  +  sin  xy  u  y  +  cos2  xz  u2 
is 

(A)  y  exyux  +  xcos  xy  uv  -2xsin2xz  u, 

(B)  z  sin  2xy  u  +  (y  cos  xy  -  xexy)uz 

(C)  z  sin2xy  uy  +  (xcos  xy  -  xexy)viz 

(D)  xy  exyMx  +  xycos  xy  uv  -2 xz  sin  2xz  u, 

TCI  The  curl  of  vector  field 

A  =  pz  sin  <|)  up  +  3pz2  cos  i(iu  at  point  (5,  90°,  1)  is 

(A)  0  (B)  12ue 

(C)  6ur  (D)  5u+ 

TCI  The  curl  of  vector  field 

A  =  r  cos  0  ur  -  —  sin  0  u0  +  2 r2  sin  0  u*  is 
1  7 

(A)  cos  0u,  —  cos  0  ue 

r 

(B)  2r2  cos  0  ur  -  4r  sin  0  u„  +  ^  \  sin  0  —  r  sin  0  ju(|j 

(C)  4r  cos  0  ur  -  6r  sin  0  u,  +  sin  0  u+ 

(D)  0 


!?il  If  V  =  x2y2z2,  the  laplacian  of  the  field  V  is 

(A)  2(xy2  +  yz2  +  zx2) 

(B)  2(x2y2  +  y2z2  +  z2x2) 

(C)  (x2y2  +y2z2  +z2x2) 

(D)  0 

TCI  The  value  of  V2V  at  point  P(3,  60°,  -2)  is  if 
V  =p2z(cos  4>  +  sin  (|>) 

(A)  -8.2  (B)  12.3 

(C)  -12.3  (D)  0 

^3  If  the  scalar  field  V  =  r2  (1  +  cos  0  sin  <(>)  then  V2V  is 

(A)  1  +  2(1  -  r 2)  cos  0  sin  4> 

(B)  6  +  4  cos  0  sin  §  -  cot  0  cosec  0  sin  4> 

(C)  2  +  2(1  -  r2)cos  0  sin 

(D)  0 

TCI  V  In  p  is  equal  to 

(A)  V  x  (<|)u2)  (B)  V  x  (zu#) 

(C)  V  x  (pu+)  (D)  V  x  (pu2) 

TCI  If  r  =  xu,  +  yuT  +  zu,  then  (r  ■  V)r2  is  equal  to 
(A)  2 r2  (B)  3r2 

(C)  4r2  (D)  0 


TCI  If  A  =(3y2  -2z)vlx  -2 x2z  uy  +  (x  +  2y)uz,  the  value 

of  V  x  V  x  A  at  P(-2,  3,  -1)  is 

(A)  ~{6ux  +  4uy)  (B)  8  (u,  +  uy) 

(C)  -8(11,  +  u,)  (D)  0 

^3  The  grad  •  V  x  A  of  a  vector  field 

A  =  x2yu,  +  y2zuv  -2xzuz  is 

(A)  2xy  +  2yz  -2x 

(B)  x2y  +  y2z  -2xz 

(C)  2x2y  +  2y2z  -2xz 

(D)  0 

13  if  v  =  xy  -  x2y  +  y2z2,  the  value  of  the  div  grad  V 
is 

(A)  0 

(B)  z  +  x2  +  2y2z 

(C)  2y(z2  -  yz  -  x) 

(D)  2(z2  -y2  -y) 


TCI  If  r  =  xu,  +  yu  +  zu,  is  the  position  vector  of  point 
P(x,  y,  z)  and  r  =  I  rl  then  V  •  r"r  is  equal  to 

(A)  nrn  (B)  (n  +  3 )rn 

(C)  (n  +  2)rn  (D)  0 

|  If  F  =  x2yu,  -  yuy,  the  circulation  of  vector  field  F 
around  closed  path  shown  in  fig.  P8.1.60  is, 
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fSTl  If  A  =  p  sin  (|)u  +  p2up  ,  and  L  is  the  contour  of  fig. 
P8.1.61,  then  circulation  |A.<iL  is 

L 

y 


(C)  In  (D)  0 


SOLUTIONS 

1-  (D)  d=^j(x1  -x2)2  +(yx  -y2)2  +  (zx  -z2)2 

=  yj{4  - 2)2  +  (-6  -  3)2  +  (3  - (-1))2  =  ^4  +  81  +  16  =  VToT 

2.  (A)  =  RB  -Ra 

=  (3uv  +  0uy  +  2u2)-(5ur  —  uv  +  0u2) 

=  -2ur  +  uT  +  2u2 
|Ras|  =  +  1  +  22  =3 

9  19 

U,  =-“Ur  +-uv+lu. 


^3  The  surface  integral  of  vector 

F  =  2p2z2  up  +  pcos2  (|)u2 

over  the  region  defined  by  2<p<5,  -1  <  2  <  1, 
0  <  §<2n  is 

(A)  44  (B)  176 

(C)  88  (D)  352 

If  D  =  xyux  +  yzvLy  +  zx u2,  then  the  value  of  jj"  A  •  c/S 
is,  where  S  is  the  surface  of  the  cube  defined  by 
0  <  x  <  1,  0  <  y  <  1,  0  <  z  <  1 
(A)  0.5  (B)  3 

(C)  0  (D)  1.5 

[Sfi  If  D  =  2pzup  +  3zsin  <|)up  -4pcos  <|)u2  and  S  is  the 

surface  of  the  wedge  0<p<2,  0  <  c|)  <  45°,  0  <  2  <  5,  then 

the  surface  integral  ofD  is 

(A)  24.89  (B)  131.57 

(C)  63.26  (D)  0 

^2  If  the  vector  field 

F  =(ctxy  +  pz3)u2  +  (3x2  -yz)uy  +(3  xz2  -y)u2 

is  irrotational,  the  value  of  a  ,  P  and  y  is 
(A)a=p=y  =  l  (B)a=P  =  l,  y=0 

(C)  a=0,  p=y  =  l  (D)  a  =  p  =  y  =0 


3.  (C)  The  component  of  F  parallel  to  G  is 


F^ G  J10.-6.  5)-(01,  0.2  0,3)  Q 

G2  0.12  +0.22  +0.32 


=  9.3(01,  0.2,  0.3)  =  (0.93,  1.86,  2.79) 


4.  (C)  The  vector  component  ofF  perpendicular  to  G  is 

=  F-^G=(3,  2,  1)-  (3>  2'1]  .(24,  X2>(4’  4’  “2) 
G2  42  +  42  +  22 

=  (3,  2,  l)-(2,  2,  - 1)  =  (1,  0,  2)  =  ur  +  2u2 


5.  (C)R  =  3u:e  +4M-N 

=  3ur  +  4(2ur  +  3uy  -  4u2)  -(-4ut  +  4uy  +  3u2) 

=  15ur  +  8u^  -  19u2 

|R|  =  V 152  +  82  +  192  =  25.5  =  25.5 


6.  (B)  R  =  -M  +  2N 


=  -(8u2  +  4uy  -8u2)  +  2(8u2  +  6uv  -2u2) 
=  8uv  +  8u„  +  4u 


8u,  +  8u„  +  4u„ 


u„  = 


a/82  +  8 


2  +  4 2 

1 


2  2 
:  —  u  +  -  uv  +  -  u 
3  3  y  3 


2  2  1 
3’  3’  3 


-M  +  2N  =  -(8,  4,  -  8)  +  2(8,  6,  -2)  =  (8,  8,  4) 
(8,  8,4) 


u„  = 


^82  +  82 


2  2  1 


3  3  3 


=-u. 


2  1 

uv  +  u2 

3  v  3  2 


7.  (C)  Mid  point  is 

_  (4,-4,  2) 

U*  -y/42  +  42  +  22 


1  +  7 
2' 


-6-2 

2 

2  1 
3 ’3 


4+0) 

2  J 


(4,  -4,  2) 
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2  2  1 

=  -u, - uv  +  -u 

3  3  *  3 

8.  (A)  G  =  24(l)(2)uI  +  12(l  +  2)uy  +  18(-l)2u2 
=  48u2  +  36uy  +  18u2 


9.  (A)  A  =(6,-2, 


4),B  =  ^|, 


IB  -  A  I  =  10 

^6-|*j  + 1  -2  + 1 ^ j  +(“4“|^)  =10° 


&2 -86-44=0  =>  k  =  11.75, 

B  =  11.75  |  — ,  -  — ,  — 

.3  3  3, 

=  (7.83,  -7.83,  -3.92) 


10-  (D)  G  =(-2)^L+(3)2  (3Ut  +  4u> 

=  3ut  +  4uv  -2uz 


11.  (A)  Let  9  be  the  angle  between  F  and  ur  , 
Magnitude  of  F  is  I F I  =  yjy2  +  z2  +  x2 
F  •  ux  =  (F)(1)  cos  0  =y 

a  y  2  1 

COS  0  =  ,  =  ,  =  —j= 

Jy2+z2  +  x2  V22  +22  V2 

0  =  45° 


12.  (D)  I G I  =  60 

V(12xy)2  +  (6(x2  +  2))2  +  (18z2)2  =60 
=>  144xV  +  36(x4  +  4x2  +  4)  +  324z4  =  3600 

=>  4x2y2  +  (x4  +  4x2  +  4)  +  9z4  =  100 

=>  4x2y2  +  x4  +  9z4  +  4x2  =96 


13.  (D)  For  Ey  =0,  2y  sin  2x  =0  =>  y=0 

3n 

sin2x=0,  =>  2x=0,  n,3n,=>  x=0,  — 

2 

Hence  (D)  is  correct. 

14.  (A) 

E  =  y(6zycos2x  u,  +  4xsin  2xu^  +  y  sin  2x  u2) 
Hence  in  plane  y  =0,  E  =0. 


=  -34uc  +  84 uv  -2uz 
_  -34ux  +  84  uy  -  u2 

a/342  +  842  +  22 

=  -0.37ur  +  0.92uv  -0.02u2 


16.  (A)  At  P(3,  4,  -2) 
25 


G  = 


o  f,-  ( 3  u 

3  +  4 2 
3u,  +  4u„ 


= 


4uy)  =3uI  +  4uy 


=  0.6u  +0.8u. 


17.  (B)  F  •  uy  =  Fv  =  yz 

4  2  4  /^2 

7=||  yzdzdx  = 


Vo 


\dx  =  J2y<7x  =2(4)y  =8y 


At  y=  7,  7  =8(7)  =56 


18.  (B)  Area  =  —  |Rj  x  R2 
2 

=  uy(-18  -  8)  -  uy(-24  +  6)  +  u2(-16  -  9) 

=  -26u2  +  18uy  -25u2 

R,  x  R2|  =  ^/262  +  182  +252  =  40.31 


40.31 

area  = - 

2 


=  20.15 


19.  (B)  Rsa  =  (0,  1,  0)  -  (0.5 V3 , 0.5,  0)  =(-0.5V3 , 0.5,  0) 


RflC  " 


“  ,0.5,  ^ 
V3  3 


-(0.5  V3 , 0.5,  0)  = 


_J_  o  & 

S  3 


■^ba  x  — 


U, 


0.5^3  0.5  0 

'  0  £ 

.  V3  3  . 


=  u*0.5  -  u.v  (°-5 V2  )  +  uz(j= 


=  0.41ut  -0.71uy  +  029u2 
The  required  unit  vector  is 
0.41ut  +  0.71uy  +  0.29u2 

7o.412  +  0.7 12  +0.292 


=  0.47ur  +  0.81uy  +  0.33u2 


15.  (C)  R=F  -G 

=  (-10uy  +  20x(y  -  l)uy)  -(2x2yvLx  -  4uy  +  2u2) 
At  R2,  3,  -  4)  , 

R  =F  -G  =(-10ut  +  80uy)  -(24u,.  -  4uv  +  2u2) 


20.  (A)  The  non-unit  vector  in  the  required  direction  is 


=  2  (uav 


u 


1 ) 


U 


(-10,  8,  15) 
VlOO  +  64+225 


=  (-0.507,  0.406,  0.761) 
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u 


(20,  18,  - 10) 
V400  +  324  +  100 


=  (0.697,  0.627,  -0.348) 


+  uAAr) 


[(0.697, 0.627,  -0.348)  +  (-0.507, 0.406, 0.761)] 


=  (0.095,  0.516,  0.207) 

(0.095,  0.516,  0.207) 


u,  = 


V0.0952  +0.5162  +0.2612 
Hence  (A)  is  correct. 


(0.168,  0.915,  0.367) 


21.  (D)  In  cartesian  coordinates 
A  (5  cos  70°,  5  sin  70°,  -  3)  =  A(1.71,  4.70,  -  3) 

B  (2  cos  (-30°),  2  sin  (-30°),  -  3)  =B(1.73,  - 1, 1) 
Ras  =Rb  -Ra  =(173,  -1, 1)  -(1.71,  4.70,  -3) 

=  (0.02,-5.70,  4) 


u 


AB 


(0.02,-5.70,4) 
VO.022  +  5.702  +  4 2 


=  (0.003,  -0.82,  0.57) 


22.  (A)  x  =  p  cos  (|) ,  y  =  p  sin  <|) 
pcos  d>ur  +  p  sin  (bu„  i 

D= — —  —  —  „  -=-(cos  (|)ut  +sm  (|)u  ) 

p2  cos2  (|)  +  p2  sin2  ([)  p  y 

Dp  =D  •  up  =  —  [cos  ((du*  •  up)  +  sin  i|>(uv  •  up)] 

=  —  Lcos2  §  +  sin2  (|)]  =  — 

P  P 

D*  =D  '  =  -  [cos  (Hu,  •  u+)  +  sin  <|>(u  •  it*)] 

P 

=  — [cos  c|)(— sin  (|>)  +  sin  (|)(cos  <|))]  =0 
P 


Therefore  D  =  u , 


26.  (A)  A(p  =3,  (|)  =  100°,  z  =3)  =  A(-0.52, 2.95,  3) 

B(p  =5,  <|)  =  130° ,  z  =4.5)=  B(-321,  3.83,  4.5) 
length  =  |B  -  A| 

B  -  A  =(-321,  3.83,  4.5)  -(-0.52, 2.95,  3) 

=  (-2.69,  0.88,  1.5) 

|B  -  A|  =  |(— 2.69,  0.88, 1.5)|  =  A/^692Ta882Tl52'  =  3.21 


27.  (C)  At  P  |2,  ^ , 0 J,  H  =  0.5u+  +  8uz 
U,  =  cos  ([) u  —  sin  <j>  u ,  =^(up-V3uJ 


p  T  ~  + 

V3 
2 


28.  (A) 


(0.5) 

V 

A" 

r 

A* 

= 

A2 

2  p 
=  -0.433 


cos  (|)  sin  (|)  0 
-sin  (]>  cos  4>  0 
0  0  1 


A, 

A„ 


At  P  (-2,  6,  3) 


A  =  6ut  +  u  y  ,  (|>  =  tan  |  —  ]  =  108.43 


if  6 


cos  4>  =  —  0.3 16,  sin  <|)  =  0.948 


a; 

-0.316 

0.948 

O' 

'6' 

A, 

= 

-0.948 

-0.316 

0 

1 

A, 

0 

0 

1 

0 

Ap  =  6  (-0.316)  +  0.948  =  -0.949, 

A+  =  6( -0.948)  -0.316  =-6.008,  A2  =0 
Hence  (A)  is  correct  option. 


29.(B)  At  P  (-3,  4,  0) 
r  =A]x2  +  y2  +  z2  =^32  +  42  +02  =5 


23.  (B)  A(4cos  40°,  4  sin  40°,  -2)  =  M 3.06, 2.57,  -2) 
B  (5  cos  (-110°),  5  sin  (-110°),  2)  =5  (-1.71,  -  4.7,  2) 
Rab=Rb-Ra  =(-1.71, -4.7,  2) -(3.06,2.57,  -2) 

=  (-4.77, -7.3,  4) 

4.5  130°  5 

24.  (D)  Vol  -  j  J  |  pdpdfydz  =  628 

3  100° 3 


0  =  tan1  J- x2+y 2  =* 
z  2 

<|>  =  tan^1  ^  =  tan-1  —  =  126.87° 
x  -3 

B=2ur  +  u+ 


X" 

sin  9  cos  4> 

cos  0 cos  4>  -sin  0 

~Br 

By 

= 

sin  9  sin  <|) 

cos  0  cos  4>  COS  (|) 

Be 

B, 

cos  0 

-sin  0  1 

A 

25.  (C)  Area  is 


135°  4  4  135”  4  135“  4  4 

=  2  J  J  pdpdfy  +  |  J  2d(\>dz  +  J  J  4d(\)dz  +  2j  J  dpdz 

45”  2  3  45“  3  45“  3  2 


=  2 


+<2X“® 


32.27 


'-0.6 

0 

-0.8" 

"2" 

0.8 

0 

-0.6 

0 

0 

-1 

0 

1 

=  2(- 

-0.6) +  0.8  = 

-2 

Bv=  2(02) -0.6=1 
Bz=  0 
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Along  3,  C3  =  f  pcos  §dp  =  — =  -l 

J  2 


J  A  •  g?L  =  C,  +  C2  +  C3  =  1 


(|)=60o 


38.  (A)  Vf  =vlx  —  +  u—  +  xi  — 

x  dx  y  dy  *  dz 

=  y(y  +  z)ux  +  x(2  y  +  z)u.y  +  xyu2 

39.  (C)V/-  =  up^  +  u^£  +  u2^ 

ox  p  dy  dz 

=  2  p2zcos  2i|)up  -2pz  sin  2<|)u^  +  p2  cos  2<|)u2 
At  P(l,  45°,  2),  V/=-  4u,( 

40.  (B)  r  sin  0  cos  §=x  ,  r  sin  0  sin  <\>  =  y  ,  r  cos  0  =  z 
G  =  r3sin20  sin2(|)sin  0 

=  r  3(2  sin  0  cos  0)(2  sin  4>  cos  4>)  sin  0 
=  40  sin  0  cos  (|>)0  sin  0  sin  <|))0  cos  0)  =  4  xyz 
_  d(4xyz)  +  0(4xyz)  +  0(4xy2) 

y  dx 


dz 


dx 

=  4yzux  +  4xzu  +  4xyuz 

At  Pl  W\  I’  VG=U-  +UV  +  U2 


41.  (C)  V<t>  =(y  +  2)11*  +  (x  +  z)w y  +  (x  +  y)u2 
At  P(3,  -3,  -  3), 

V®  =  -6ux  ,  Rpq  =(4,  - 1,  - 1)  -(3,  -  3,  -  3)  =  (1,  2,  2) 

(-6u  )  ■  (u  +  2u  +  2u  ) 

V<Du„  = - - - y - —  =  -2 

*  3 

ST  dT  dT 

42.  (C)  VT  =  u  —  +  u  —  +  u.  — 

dx  y  dy  dz 

=  2xux  +2yuz  -4zuz 

At  P(2,  2,  1),  VT  =  4ux  +  4u  v  -  4u2 

43.  (A)  Let  f  =  x2y  +  2-3,  g  =  xln2-y2+4 

Vf  =2xyux  +  x2uv  +  u2 

Vg  =ln  2  ux  -2yuy  +  -  u2 
z 

At  point  P  (-1,  2,  1) 

-4u,  +  u  +  u2  -4u  -u2 

uf=  - 7=^ -  ,  U  = 


Vl8 


-5 


cos  0  =  +  u  f  ■  u  „  =  +  , - 

'  g  V18  x  17 


Vl7 


=  0286 


0  =  cos  1 0.28  =  73.4° 


44.  (D)  V -A=^+  +  ^A  +  ^+ =0  +  4x  +  0 

dx  dy  dz 

At  P  (1,  -2,  3),  V  -  A  =  4 

45.  (A) 

w  .  1  0(r2A  )  1  0(sin  0  Ae)  1  0(sin0A,) 

r2  dr  r  sin  0  90  r  sin  0  9(|> 

=  ^=-(6r2cos  0cos  4>)  +  0  +  0 
r 

At  P  (1,  30°,  60°),  V  ■  A  =  6(l)(cos  30°)(cos  60°)  =2.6 

l9(pAp)  +  1  0(A,)  ,  0(A2) 

P  dp  p 

1  0(pp22  cos  (|>)  d(z  sin2  (|>)  _  2 


46.  (C)  V  .A=AYtUTet  , 

p  9p  p  00  02 


0p 


02 


-  2 z  cos  (|)+  sin  <|> 


47.  (B)  The  flux  is  JD  •  dS  ,  By  divergence  theorem 

s 

jD  dS  =  jv  D  dv 


V  D  = 


1  0(pp2  cos2  (b)  10(2  sin  <|>)  2  ,  3  . 

- — - —  + - —  =  3p  cos  (|>  +  —  sin  4> 

p  0p  p 


P  dp 

Jv-Ddu  =  J  3pcos2  (|)+  —  sin  4>  \pd§dzdp 


2  (  . 

P 

3  3  2ti 


=  \dz |  zp2dp  J  cos2  4>cZ<|>  +  J  zdz  |  dp  J  sin  4>o?<|>  =  81ti 


0  0  0 


u* 

uy 

u2 

U, 

u 

0 

0 

d 

0 

0 

0 

dx 

dy 

dz 

0X 

dy 

dz 

A 

A , 

A_ 

exy 

sin  xy 

cos2  xz 

48.  (B)  V  x  A  = 


u2(0  -0)  -uv(2cos  xz  (-sin  xz)z)  +  u2(ycos  xy  -  xexy) 
=  2  sin  2  xy  u  v  +  (y  cos  xy  -  xexy)uz 


49.  (D)  V  x  A  = 


d_  d_  d_ 

0p  0(|)  02 

A„  A,  A2 

L  P  <P  2. 


U  , 


U.,. 


U2 

_0_  _0  _0_ 

0p  04>  02 

p2sin(|)  2p22zcos(|)  0 
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=  -  u  (-6p22  cos  (|>)  -u,(-psin  c(i)  -  u2(6pz2  cos  (]>-pzcos  (|>) 
P  P 

At  point  P(5,  90°,  1),  V  x  A  =5u+ 
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50.  (C)  V  x  A  = 


r  sin  0 


ur  rue  rsinOu^ 
d_  d_  d_ 
dr  00  d<|> 

Ar  rA„  r  sin  0  A, 


r  sin  0 


ur  ru„  rsin0u^ 

d_  8_  d_ 

dr  00  0<|) 

r  cos  0  -sin  0  2r3sin20 


1  u  A2r3  sine-0)- — 1 — u„  (6r2  sin2  6  -  0)  +  i  u4(0  +  r  sin  6) 


r  sin  0  r  sin  0 

=  4r  cos  0  u  -  6r  sin  0  u„  +  sin  0  u.. 


51.  (A)  V  x  A  = 


u, 

Uy 

uz 

0 

0 

d 

dx 

dy 

dz 

UV 

0 

0 

0 

dx 

dy 

dz 

(2  +2x2) 

3 

-(4  xz  + 

(3y2-2z)  (-2 x2z)  (x  +  2 y) 


=  uI(2  +  2x2)  -  uy(l  -(-2))  +  uz(-4 xz  -  6 y) 


V  x  V  x  A  = 


=  ur(-6)  -  u  v(-4z)  +  u2(0)  =-6uI  +  4zuv 
At  P(-2,  3,  -1), 

V  x  V  x  A  =  -6Uj  -  4u>1  =-(6ux  +  4uy) 


52.  (D)  V  x  A  = 


Uv 

uz 

0 

0 

d 

dx 

dy 

dz 

x2y 

y2z 

-2  xz 

=  -y2ux  +  2zu  v  -  x2u2 
V  (V  X  A)  =0 


56.(B) 

r2  8r\  dr  J  r2  sin  0  00 


0  (  .  n  dV\  1  02V 

sin  0  —  +  — - 5 - r- 

00  J  r  sin  0  0(j>2 


Q  •  2  sin  0  .  cos  0  sin  <|) 

=  6(  1  +  cos  0  sin  <|>) - ; — —  cos  0  sin  <ji - — - 1 


sin  0 

=  6  +  4  cos  0  sin  4>  -  cot  0  cosec  0  sin  4> 


sin  0 


57.  (A)  p=V*2  +y2 

01np  01np 
V  In  p  =  ut - —  +  u 


0X 


dy 


V  x  <f>u2  =V  x  tan  1  —  u2 
x 


+  u. 

01np 

X 

dz 

p2 

U, 

u 

0 

0 

0 

dx 

dy 

dz 

u. 


p2 


u. 


0  0  tan  1  — 


u. 


u. 


x2  +  y2  x  x2  +  y2  y  p 


u 


u. 


58.  (A)  (r •  V)r2  =  x—  +  y  —  +  z  —  {x2  +  y2  +  z2) 
v  dx  dy  dz  y 

=  x(2x)  +  y(2y)  +  z(2z)  =2(x2  +  y2  +  z2)  =2r2 
d{xrn)  d(yrn)  d(zrn) 


59.  (B)  V  -rn  r  = 

dx  dy 

n 

where  rn  =(x2  +  y2  +z2)2 


dz 


V  rn  r  =2x  |  J  \x2  +  y2  +  z2)2 


-2y2|  ‘i'lx2  +y2  +z2)2  -+2z2IJ  \x2+y2+z2)2 


co  /mi  v7T t  dV  dV  dV 

53.  (D)  VV  =  u2. - +  u  - +  u2 - 

x  0x  y  dy  2  dz 

—  (z  -2xy)vLx  +(2 yz2  -  x2)vl v  +(x-2y2z)u2 

0(z -2xy)  d(2yz2  -  x2)  d(x-2y2z) 


V  -(W)=- 

dx  dy 

=  —2y  +  2z2  -2 y2  =2 (z2  -  y2  -  y) 


dz 


54.  (B)  V2V  = 


02V  02V  02V 


dx2  dy2  dz 2 

=  2(y2z2  +  x2z2  +  x2y2)  =2  (x2y2  +  y2z2  +  z2x2) 


55.  (A)  V2V=  —  (p  — 
dp  l  dp 


1  d2V  d2V 
■  +  ■ 


p2  0< f  dz 2 

=  4z(cos  4>  +  sin  <|))  -  z(cos  4>  +  sin  <|))  +  0  =  3z(cos  c|>  +  sin  <|)) 


=  nix2  +  y2  +  z2)(x2  +  y2  +  z2)2  +  3rn 

=  nrn  +  3r"  =(n  +  3)rn 

60.  (C)  By  Stokes  theorem  |F  •  dh  =  |(V  x  F)  •  dS 

l  s 

V  x  F  =  -x2u2 

dS  =dxdy  (-u2) 

ji(V  x  F)  ■  dS  =  -  JJ {-x2)dxdy 
s 

lx  2  -x+2  1  2 

=  ||  x2 dydx  +  J  |  x2dydx  =  J  xsdx  +  J  x2(2  -  x)dx 


x4 

i 

r2  3 

1  41 

— 

+ 

-  X 

- X 

4 

0 

l_3 

4 

At  P(3,  60°,  -2),  V2V  =  3(-2)f -  +  — 

=  -82 

1 

-  4^ 

2  1_ 

l2  2  J 

~  4  + 

_  3 

3  4_ 

1  14  ,  1  7 

=  —  + - 4  H - =  — 

4  3  4  6 
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61.(0  fA-dL=  J  +  J  +  J  +  J  A •  dL 


ab  be  cd  da 


Along  ab,  d<|>  =  0,  cf>  =  0, 

b 

A  ■  dL  =0,  J  A  ■  <iL  =  0 

a 

Along  6c,  <ip  =0,  A  •  dL  =  p3d(|) 

c  n 

J  A  •  dL  =  J  p3c?<|)  =  (2)3tt  =  8 7x 

b  0 

Along  cd,  d§  =  0,  <|>  =  n,  A  •  dL  =  0, 

d 

J  A  ■  dL  =0 

c 

Along  da,  dp  =0,  A-dL=p3d(|> 

a  0 

J  A  •  dL  =  p3 J  d4>  =  ( 1) 3( — tt)  =  -  7i 

d  n 

|  A  ■  dL  =  0  +  87i  +  0-  7i  =  77t 

62.  (B)  Using  divergence  theorem 
j>F  •  dS  =  J"  V  Fdi> 

V 

V  F  =  — — (2pzz2)  =  4z2  =4z 2 

P  dp 

1  5  2k 

Jv  -F  dv  =  JJJ  4z2pdpd(|)dz  =  4  Jz2dz|pdp  J  dej)  =  176 

v  -12  0 

63.  (D)  |  A  •  dS  =  ji(V  ■  A )dc 

S  v 

.  d(xy)  d(yz)  d(zx) 

V  •  A  = - + - + - x  =  v  +  z  +  x 

dx  dy  dz 

iii 


A  •  dS  =  |  |  |  (y  +  z  +  x)dxdydz 
0  0  0 

1  1  1  Y  / 

J  xdx  |  dyj  dz  =  3|  —  I  =  1.5 

0  0  0  J  V^, 


64.  (B)  V  D  =  -  dpD'' ]  +  - 

p  dp  p  50  dz 


D  •  dS  =|(V  D)dc 

V 

JJJ[  4 z  +  —  cos  (|)j  pdpdtydz 

2  5  45°  2  5  45' 

4j  pdp  J  zdz  J  d4>  +  3j  dp  J  zdz  J  cos  <|)  d(|) 


0  0  0 


=  4 


MfMfBb3157 


UV 

u< 

d 

d 

d 

dx 

dy 

dz 

ax  +  Pz2 

& 

1 

CO 

3 xz2  -  y 

65.  (A)  V  x  F  = 


=  (-1  + y)u>:  +(3p z2  -?>z2)x\y  +  (6x  -  ccc)u2 
If  F  is  irrotational,  V  x  F  =  0 
i.e.  a  =1  =  p  =  y. 


=  4 z  +  —  z  cos  4> 
P 
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H  Let  Q1  =  4  pC  be  located  at  P^,  11,  8)  while 
Q2  =  -5  (_lC  is  at  P2(6,  15,  8).  The  force  F2  on  Q2  will  be 

(A)  -(4.32uI  +  5.76uv)  N  (B)  4.32u,  +  5.76uy  N 

(C)  -(4.32x1  x  +  5.76uv)  mN  (D)  4.32ur  +  5.76uv  mN 

;  Four  5  nC  positive  charge  are  located  in  the  z  =  0 
plane  at  the  corners  of  a  square  8  mm  on  a  side.  A  fifth 
5  nC  positive  charge  is  located  at  a  point  8  mm  distant 
from  each  of  the  other  charge.  The  magnitude  of  the 
total  force  on  this  fifth  charge  is 
(A)  2  X  1CT4  N  (B)  4  X  1CT4  N 

(C)  0.014  N  (D)  0.01  N 


J  A  2  pC  point  charge  is  located  at  A  (4,  3,  5)  in  free 
space.  The  electric  field  at  P(8,  12,  2)  is 

(A)  131.1up  +  159.7  u+  -  49.4u2 

(B)  159.7up  +  27.411,1,  -  49.4u2 

(C)  131.1up  +  27.4u^,  -  49.4u2 

(D)  159.7up  +  137.1u+  -  49.4u2 

3  A  point  charge  of  -10  nC  is  located  at  P^O,  0,  0.5) 
and  a  charge  of  2  pC  at  the  origin.  The  E  at  P(0,  2,  1)  is 
(A)  68.83u,  +  14.85  (B)  68.83ur  +  64.0  lu+ 

(C)  68.83ur  - 14.85  u+  (D)  68.83u,.  -  64.0  lu+ 


3  Four  40  nC  are  located  at  A(l,  0,  0),  B(-l,  0,  0),  C(0, 
1,  0)  and  D(0,  -1,  0)  in  free  space.  The  total  force  on  the 
charge  at  A  is 

(A)  24.6u,  pN  (B)  -24.6ur  pN 

(C)  -13.6u,  pN  (D)  13.76u,  pN 

3  Let  a  point  charge  41  nC  be  located  at  P[(4,  -2,  7)  and 
a  charge  45  nC  be  atP2(-3,  4,  -2).  The  electric  field  E  at 
P3(l,  2,  3)  will  be 

(A)  0.13ut  +0.33uy  +0.12u2 

(B)  -0.13u2  -0.33uy  -0.12u2 

(C)  1.15uy  +  2.93uv  +  1.09u2 

(D)  -1.15ur  -2.93uy  -  1.09u2 


3  Charges  of  20  nC  and  -20nC  are  located  at  (3,  0,  0) 
and  (-3,  0,  0)  and  (-3,  0,  0),  respectively.  The  magnitude 
of  E  at  y  axis  is 


(A) 


1080 

(9  +  y2f2 


(B) 


1080 

(9  +  y2)3 


(C) 


108 

(9  +  y2f2 


(D) 


108 

(9  +  y2)3 


1  A  charge  Q0  located  at  the  origin  in  free  space 
produces  a  field  for  which  E2  =  1  kV/m  at  point  P(-2,  2, 
-1).  The  charge  Q0  is 
(A)  2  pC  (B)  -3pC 

(C)  3  pC  (D)  -2  pC 


U  Let  a  point  charge  25  nC  be  located  at  P.^4,  -2,  7)  and 

a  charge  60  nC  be  atP2(-3,  4,  -2).  The  point,  at  which  on 

the  y  axis,  is  Ex  =0,  is 

(A)  -7.46  (B)  -22.11 

(C)  -6.89  (D)  (B)  and  (C) 


[Q  The  volume  charge  density  pv  =p„e  111  lyl  lzl  exist  over 
all  free  space.  The  total  charge  present  is 
(A)  2Po  (B)  4Po 

(C)  8p0  (D)  3p„ 
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m  A  uniform  volume  charge  density  of  0.2  pC/m2  is 
present  throughout  the  spherical  shell  extending  from 
r  =  3  cm  to  r  =  5  cm.  If  p  =  0  elsewhere,  the  total  charge 
present  throughout  the  shell  will  be 

(A)  41.05  pC  (B)  257.92  pC 

(C)  82.1  pC  (D)  129.0  pC 


Two  identical  uniform  charges  with  p,  =  80  nC/m  are 
located  in  free  space  at  x  =0,  y  =  +  3  m.  The  force  per 
unit  length  acting  on  the  line  at  positive  y  arising  from 
the  charge  at  negative  y  is 

(A)  9.375uy  pN  (B)  37.5uy  pN 

(C)  19.17uy  pN  (D)  75uv  pN 


m  If  p„  =  ^io  5e  0  lp( 7T— I  (j>l)  pC/m3  in  the  region 

0  <  p  <  10,  -n  <  <)>  <  n  and  all  z,  and  p„  =0  elsewhere, 

the  total  charge  present  is 

(A)  1.29  mC  (B)  2.58  mC 

(C)  0.645  mC  (D)  0 

EH  The  region  in  which  4<r<5,  0<0<25°,  and 
0.9  7i  <  4>  <  1.1 7T  contains  the  volume  charge  density  of 
p„  =  10  (r  -  4)  (r  -  5)  sin  0  sin  |.  Outside  the  region, 
py  =0.  The  charge  within  the  region  is 

(A)  0.57  C  (B)  0.68  C 

(C)  0.46  C  (D)  0.23  C 

m  A  uniform  line  charge  of  5  nC/m  is  located  along  the 
line  defined  by  y  =-2,  z  =5.  The  electric  field  E  at  P(l, 
2,  3)  is 

(A)  -9uy  +  4.511^  (B)  9uy  -  4.5u2 

(C)  -18  Uj  +  9uz  (D)  18  uy  -9uz 

^3  A  uniform  line  charge  of  6.25  nC/m  is  located  along 
the  line  defined  by  y  =-2,  z  =5.  The  E  at  that  point  in 
the  z  =  0  plane  where  the  direction  of  E  is  given  by 

GUy-!U2)>  is 

(A)  4.5uy  +  9uz  (B)  4.5u y  -9u2 

(C)9u  -18uz  (D)18u  -36u^ 


jjj//]  A  uniform  surface  charge  density  of  10  nC/m2  is 
present  in  the  region  x  =0,  -2  <y  <2  and  all  z  if  e  =  e0 
,  the  electric  field  at  P(3,  0,  0)  has 

(A)  x  component  only 

(B)  y  component  only 

(C)  x  and  y  component 

(D)  x,  y  and  z  component 

ETil  The  surface  charge  density  is  ps  =5  nC/m2,  in  the 

region  p  <0.2  ,  z  =  0,  and  is  zero  elsewhere.  The  electric 

field  E  at  A(p  =0,  z  =0.5)  is 

(A)  5.4  V/m  (B)  10.1  V/m 

(C)  10.5  V/m  (D)  20.2  V/m 

Wfi  Three  infinite  charge  sheet  are  positioned  as 
follows:  10  nC/m2  at  x  =  -3,  -  40  nC/m2  at  y  =  4  and  50 
nC/m2  at  z  =2.  The  E  at  (4,  3,  -2)  is 

(A)  0.56ut  +  223uy  -2.8uz  kV/m 

(B)  0.56ut  -223uy  +2.8uz  kV/m 

(C)  0.56UJ  +2-2311^,  +2.8uz  kV/m 

(D)  -0.56U,  -223uv  +2.8uz  kV/m 

^3  Let  E  =5i3u,  - 15  x2yuv  .  The  equation  of  the 
stream  line  that  passes  through  P(4,  2,  1)  is 


Uniform  line  charge  of  20  nC/m  and  -20  nC/m  are 
located  in  the  x  =  0  plane  at  y  =  3  and  y  =  -3  m 
respectively.  The  E  at  P(6,  0,  6)  will  be 
(A)  -24uv  V/m  (B)  48uv  V/m 

(C)  -48 uv  V/m  (D)  24uv  V/m 

EH  Uniform  line  charges  of  100  nC/m  lie  along  the 
entire  extent  of  the  three  coordinate  axes.  The  E  at 
P(^,  2,  -1)  is 

(A)  -1.92u x  +2xiy  - 1.08 u2  kV/m 

(B)  -0.96ur  +  uv  -Ohdu^,  kV/m 

(C)  0.96ur  -uy  +0.54uz  kV/m 

(D)  1.92ur  -2uy  +  1.08 uz  kV/m 


(A)  y  = 


128 

(B) 

128 

3~ 

x=  r 

X 

y 

64 

(D) 

64 

2~ 

x=  — 

X 

y 

point  charge  10  nC  is  located  at  origin.  Four 
uniform  line  charge  are  located  in  the  x  =  0  plane  as 
follows  :  40  nC/m  at  y  =  1  and  -5  m,  -60  nC/m  at 
y  =  —  2  and  -4  m.  The  D  at  P(0,  -3,  4)  is 

(A)  -19.1uy  +  25.5u2  pC/m2 

(B)  19.1uy  -25.5uz  pC/m2 

(C)  -16.4uy  +21.9uz  pC/m2 

(D)  16.4uy  -21.9U3  pC/m2 
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^3  A  point  charge  20  nC  is  located  at  origin.  Four 
uniform  line  charge  are  located  as  follows  40  nC/m  at 
y  =  ±  1  and  50  nC/m  at  y  =  ±  2.  The  electric  flux  that 
leaves  the  surface  of  a  sphere,  4  m  in  radius,  centered 
at  origin  is 

(A)  1.33  nC  (B)  1.89  pC 

(C)  1.33  pC  (D)  1.89  pC 

^3  The  cylindrical  surface  p  =  8  C  contains  the  surface 
charge  density,  ps  =  5e“2012'  nC/m2.  The  flux  that  leaves 
the  surface  p  =  8  cm,  lcm  <2  < 5cm  30°<(|><90°  is 
(A)  270.7  nC  (B)  9.45  nC 

(C)  270.7  pC  (D)  9.45  pC 


A  spherical  surface  of  radius  of  3  mm  is  centered  at 
P(4,  1,  5)  in  free  space.  If  D  =  xux  C/m2  the  net  electric 
flux  leaving  the  spherical  surface  is 

(A)  113.1  pC  (B)  339.3  nC 

(C)  113.1  nC  (D)  452.4  nC 

^3  The  electric  flux  density  is 

D  =-^[10xyzux  +  5x2zuv  +  (2z3  -5x2y)u2] 
z 

The  volume  charge  density  p„  at  (-2,  3,  5)  is 

(A)  6.43  (B)  8.96 

(C)  10.4  (D)  7.86 


S3  Let  D  =  4xy  ur 

+  2(x2  +  z2)uy  +  4yzu2  C/m2.  The 

total  charge  enclosed  in  the  rectangular  parallelepiped 

0  <  x  <  2,  0<y<3, 

0  <  z  <  5  m  is 

(A)  360  C 

(B)  180  C 

(C)  100  C 

(D)  560  C 

M  Volume  charge  density  is  located  in  free  space  as 

p„  =2e“1000r  nC/m3 

for  0  <  r  <  1  mm  and  p  „  =  0 

elsewhere.  The  value  of  Dr  on  the  surface  r  =  1  mm  is 

(A)  1.28  pC/m2 

(B)  0.28  pC/m2 

(C)  0.78  pC/m2 

(D)  0.32  pC/m2 

S3  Spherical  surfaces  at  r  =2  and  4  carry  uniform 
charge  densities  of  20  nC/m2  and  -4  nC/m2.  The  Dr  at 

2  <  r  <  4  is 

(A)  -  ^  nC/m2 

(B)  ^nC/m2 

r 

r 

(C)  ^  nC/m2 

(D)  ~  nC/m2 

Given  the  electric  flux  density,  D  =  2xyux  +  x2u 
+  6z  'uz  C/m2.  The  total  charge  enclosed  in  the  volume 
0  <  x,  y  ,  z  <  a  is 

(A)  6 a5  +  —  a4  (B)  a5  +  6a4 

3 


^3  If  D  =  2rur  C/m2,  the  total  electric  flux  leaving  the 
surface  of  the  cube,  0  <  x ,  y,  z  <0.4  is 
(A)  0.32  (B)  0.34 

(C)  0.38  (D)  0.36 

EEI  If  E  =  4ux  -  3uv  +  5u2  in  the  neighborhood  of  point 
P(6,  2,  -3).  The  incremental  work  done  in  moving  5  C 
charge  a  distance  of  2  m  in  the  direction  u2  +  u  +  u  is 
(A)  -60  J  (B)  34.64  J 

(C)  -34.64  J  (D)  60  JJ 

^3  If  E  =  100up  V/m  ,  the  incremental  amount  of  work 

done  in  moving  a  60  pC  charge  a  distance  of  2  mm  from 

P(l,  2,  3)  toward  Q(2,  1,  4)  is 

(A)  -5.4  pj  (B)  3.1  pJ 

(C)  -3.1  pJ  (D)  0 

S3  A  10  C  charge  is  moved  from  the  origin  to  P(3,  1,  -1) 
in  the  field  E  =2xu2  -  3y2uv  +  4u2  V/m  along  the 
straight  line  path  x  =  -3y,  y  =  x  +  2z.  The  amount  of 
energy  required  is 

(A)  -40  J  (B)  20  J 

(C)  -20  J  (D)  40  J 


(C)  6a5  +  a4 


(D) -a5 
3 


6a4 


S3  Let  D  =  5x4y4z4uy  .  The  flux  enclosed  by  volume 
x  =  3  and  3.1,  y  =  1  and  1.1,  and  z  =2  and  2.1  is 
(A)  49.6  (B)  24.8 

(C)  35.4  (D)  36.4 


A  uniform  surface  charge  density  of  30  nC/m2  is 
present  on  the  spherical  surface  r  =  6  mm  in  free  space. 
The  VAn  between  A(r=2cm,  0  =  35°,  c()  =  55°)  and  B 
(r=3cm,  0  =  40°,  <|)  =  90o)  is 
(A)  2.03  V  (B)  10.17  V 

(D)  -10.17  V 


(C)  4.07  mV 
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A  point  charge  is  located  at  the  origin  in  free  space. 
The  work  done  in  carrying  a  charge  10  C  from  point  A 
(r=4,  0  =  rc/6,  <|>  =  jt/4)  to  B(r  =  4,  0  =  71/ 3,  Jt/6)  is 
(A)  0.45  pJ  (B)  0.32  pJ 

(C)  -0.45  pJ  (D)  0 

^3  Let  a  uniform  surface  charge  density  of  5  nC/m2  be 

present  at  the  z  =  0  plane,  a  uniform  line  charge  density 

of  8  nC/m  be  located  at  x  =0,  z  =  4  and  a  point  charge 

of  2  pC  be  present  at  P(2,  0,  0).  If  V  =0  at  A(0,  0,  5), 

the  V  at  B  ( 1 ,  2,  3)  is 

(A)  10.46  kV  (B)  1.98  kV 

(C)  0.96  kV  (D)  3.78  kV 

A  non  uniform  linear  charge  density,  pL  =  6/(z2  +  1) 
nC/m  lies  along  the  z  axis.  The  potential  at  P(p  =  1,  0,  0) 
in  free  space  is  (V,  =0) 

(A)  0  V  (B)  216  V 

(C)  144  V  (D)  108  V 

m  The  annular  surface,  1  cm  <p  <  3  cm  carries  the 
nonuniform  surface  charge  density  ps  =5p  nC/m2.  The  V 
at  P(0,  0,  2  cm)  is 

(A)  81  mV  (B)  90  mV 

(C)  63  mV  (D)  76  mV 

If  V  =2 xy2z3  +  31n(x2  +  2y2  +  3z2)  in  free  space  the 
magnitude  of  electric  field  E  at  P  (3,  2,  -1)  is 
(A)  72.6  V/m  (B)  79.6  V/m 

(C)  75  V/m  (D)  70.4  V/m 

It  is  known  that  the  potential  is  given  byV  =  70rOB 
V.  The  volume  charge  density  at  r  =0.6  m  is 
(A)  1.79  nC/m3  (B)  -1.79  nC/m3 

(C)  1.22  nC/m3  (D)  -1.22  nC/m3 

^3  The  potential  field  V  =  80r2  cos  0  V.  The  volume 
charge  density  at  point  P(2.5,  0  =  30°,  <|>  =  60o)  in  free 
space  is 

(A)  -2.45  nC/m3  (B)  1.42  nC/m3 

(C)  -1.42  nC/m3  (D)  2.45  nC/m3 

Within  the  cylinder  p=2,  0<z<l  the  potential  is 


(A)  -4.94  nC  (B)  -4.86  nC 

(C)  -5.56  nC  (D)  -3.68  nC 

Vkl  A  dipole  having 

^=100  V  m2 
4jte0 

is  located  at  the  origin  in  free  space  and  aligned  so 
that  its  moment  is  in  the  u  direction.  The  E  at  point 
(r  =1,  45°,  4>  =  0)  is 

(A)  158.11  V/m  (B)  194.21  V/m 

(C)  146.21  V/m  (D)  167.37  V/m 

m  A  dipole  located  at  the  origin  in  free  space  has  a 
moment  p  =2  x  10~9u_,  C.m.  The  points  at  which  |j£|  =  1 
mV/m  on  line  y  =z,  x  =  0  are 

(A)  y=z  =  +  23.35  (B)  y  =z  =  ±  16.5,  x  =0 

(C)  y  =  z  =  16.5  (D)  y=0,z  =23.35,  x=0 

A  dipole  having  a  moment  p  =  3U,,  -5uv  +  10uz 
nC.m  is  located  at  P(l,  2,  -4)  in  free  space.  The  V  at  Q 
(2,  3,  4)  is 

(A)  1.31  V  (B)  1.26  V 

(C)  2.62  V  (D)  2.52  V 

FTil  A  potential  field  in  free  space  is  expressed  as 
V  =4:0/xyz  .  The  total  energy  stored  within  the  cube 

1  <  x,  y,  z  <2  is 

(A)  1548  pJ  (B)  0 

(C)  774  pJ  (D)  387  pJ 

5Til  Four  1.2  nC  point  charge  are  located  in  free  space  at 

the  corners  of  a  square  4  cm  on  a  side.  The  total 

potential  energy  stored  is 

(A)  1.75  pJ  (B)  2  pJ 

(C)  3.5  pJ  (D)  0 

Given  the  current  density 
J  =  105[sin  (2x)  e~2yux  +  cos  (2x)  e“2yuy]  kA/m2 

The  total  current  crossing  the  plane  y  =  1  in  the 
direction  in  the  region  0<x<l,  0<z<2  is 

(B)  12.3  mA 
(D)  6.15  mA 


given  by  V  =  100  +  50p 
within  the  cylinder  is 


150p  sin  4)  V.  The  charge  lies 


u 

(A)  0 


(C)  24.6  mA 
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^3  In  a  certain  region  where  the  relative  permitivity  is 
2.4,  D  =  2ut  -4uy  +  5u2  nC/m2.  The  polarization  is 

(A)  2.8ux  -5.6uy  +  7u2  nC/m2 

(B)  3.4ux  -  6.9uy  +  8.6u2  nC/m2 

(C)  1.2U,.  -2.3uy  +2.9u2  nC/m2 

(D)  3.89u2  -  6.43u  v  +  8.96u2  nC/m2 

Medium  1  has  the  electrical  permitivity  e1  =1.5e0 
and  occupies  the  region  to  the  left  of  x=0  plane. 
Medium  2  has  the  electrical  permitivity  e2  =2.5e0  and 
occupies  the  region  to  the  right  of  x=0  plane.  If  E,  in 
medium  1  is  Ey  =  (2u 2  -3u,  +  lu2)  V/m  then  E2  in 
medium  2  is 

(A)  (2.0ur  -  1.8u2  +  0.6u2)  V/m 

(B)  (1.67 u2  -  3u  v  +  u2)  V/m 

(C)  (1.2u2.  -  3uy  +  U2)  V/m 

(D)  (1.2u2  -  1.8uy  +  0.6u2)  V/m 


fttil  A  potential  field  exists  in  a  region  where  s  =  fi x).  If 
pv  =0,  the  V2V  is 
1  cLF  dV 


(A)  - 


(C) 


/( x )  dx  dx 
1  df  5V 


(B)  fix)^ 
dx  ox 


f(x)  dx  dx 


(D)  -fix) 


df^8V_ 
dx  dx 


If  Vix,  y)  =  4e2*  +  fix)  -  3y2  in  a  region  of  free  space 
where  p„  =0.  It  is  know  that  both  Ex  and  V  are  zero  at 
the  origin.  The  Vix,y)  is 

(A)  3(x2  -  y2)  (B)  3 (y2-x2) 

(C)  4x2  -  3y2  (D)  4y2  -  3x2 


!  Two  perfect  dielectrics  have  relative  permitivities 
erl  =2  and  zr2  =8.  The  planner  interface  between  them 
is  the  surface  x  -  y  +  2z  =5.  The  origin  lies  in  region  1. 
If  Ey  =100u2  +200uy  -50u2  V/m  then  E2  is 

(A)  400ut  +  800uy  -200u2  V/m 

(B)  400ur  +200uv  -50u2  V/m 

(C)  25uc  +  200u  v  -  50u2  V/m 

(D)  125u2  +  175u2  V/m 


The  two  spherical  surfaces  r  =  4  cm  and  r  =9  cm  are 
separated  by  two  perfect  dielectric  shells,  erl  =2  for 
4  <  r  <  6  and  er2  =  5  for  6  <  r  <  9.  If  Ey  =  5®  ur  then  E2 


IS 

5000  TT/ 

400 

(A) 

2  u,  V/m 

(B) 

~^ru 

r 

r 

2500 

2000 

(C) 

—  ur  V/m 

(D) 

2  ' 

(  i  The  surface  x  =  0  separate  two  perfect  dielectric.  For 
x>0,  let  eri=3,  while  er2  =5  where  x<0.  If 
Ey  =  80ur  -  60uv  -  40u2  V/m  then  E2  is 

(A)  (133.3ur  -  100u2  -  66.7u2)  V/m 

(B)  (133.3ut  -  60u2  -  40u2)  V/m 

(C)  (48u2  -  36uv  -24u2)  V/m 

(D)  (48ut  -  60uy  -  40u2)  V/m 
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O  1  ■  ITIAM6 

2  X  10  "6 

4ux  +  9uy  -  3u2 

SOLO  IONS 

47ieD 

(106)3/2 

1.  (C)  F,  = 


Q1Q2  R12 

4jte0  IR12I3 


(4x  10"6)(-5x  10  6)  (3u  +  4u  ) 

=  - X  - — 

4jie0  53 

=  (4:.32ux  +  5.76u  )  mN 


2.  (D)  Arranging  the  charge  in  the  xy  plane  at  location 
(4,  4),  (-4,  4),  (4,  -4),  {-4,  4),  the  fifth  charge  will  be  on 
the  z-axis  at  location  z  =  4\/2.  By  symmetry,  the  force  on 
the  fifth  charge  will  be  z  directed,  and  will  be  four 
times  the  z  component 

4  o2 
F  =—i=x  q 


V2  4necd2 


(5  x  10“9)2 


V2  4 7i  x  (8.85  x  10"12)(8  x  10“3): 


=  10"2  N 


3.  (D)  The  force  will  be 

(40  x  10“9)2 


F  =- 


4  Tie,, 


R„ 


RCA  +  RflA  , 

ircai3  irbai3  irbai3 


where  RCA  =u,  uv  ,  RflA  =  u,  +  u  ,  R,,4  =  2ur 

^CA^  =  ^flA^  =  ^BaI=2 

(40  x  10“9)2 


F  = 


4jix  (8.85  x  10  ) 
=  13.76ur  pN 


U.-U,  U,  +  Uj  2ux 


2V2  2V2 


8 


4.  (C)  E  = 


10" 


4jte„ 


4fRi3  +  45R23 

ir13i2  ir23i2 


R13  =-3ux  +  4uv  -  4u2,  R23  =  4uy  -2uy  +  5u 

E  =9  xlO9  xl(T9  x 


y  "*'**2>  ‘“'*'23  ■*■  “  ~*.y 

41(-3u  +4u  -4u  45(4u  +-2u  +5u 


(41)  ' 

=  1.152  u2  +  2.93uy  +  1.089u2 

5.  (D)  The  point  is  P3(0,  y,  0) 

Ri3  =  -4u,  +(y  +  2)uy  -7u2  , 
R12  =  3uy  +  (y  -  4)uy  +  2u2 
10"9  T  25  x  (-4) 


(45) 


E  = 


4nz„ 


60  x  3 


J65+(y  +  2)2f2  [13  +  (y-4)2f2 

To  obtain  Ex  =0,  0.48y2  +  13.92y  +  73.12  =0 

which  yields  the  two  value  y  =  -6.89,  -22.11 


6.  (B)  E  =2^L() - 

P  4tie0  IR^I3 


=  65.9uy  +  148.3uy-49.4u2 

Then  at  point  P,  p  =  ^82  +  122  =  14.4, 

1 2 

i|)  =  tan"1  — =56.3°,  and  z  =  2 
8 

EP  =E„  '  up  =  65.9(uy  •  up)  +  148.3 (uy  •  up) 
=  65.9  cos  56.3°  +  148.3 sin  56.3  =  159.7 
E/»  =EP '  u+  =  65.9(uy  •  ii*)  +  148.3(uy  •  u+) 
=  -65.9  sin  56.3°  +  148.3 cos  56.3°  =27.4  , 
E,  =  -49.4 


7.  (C)Ep=  — 
4  tie,. 


Ri  .  2R2 


IRJ3  IR2I3 

R3  =(0,  2,  1)  A0,  0,  0.5)  =(0,  2,  0.5) 
R2  =  (0,  2,  1)  -  (0,  0,  0)  =(0,  2,  1) 


E„  =9  x  10  x  10 


-(2uv  +  0.5u2)  2(2uy  +  u2) 


Ep  =54.9uy  +  44.1u2 


(425)^ 

-1  1 


(V5)^2 


At  P,  r=V 5,  0  =  cos  1  —j=  =  63.4°  and  <|)  =  90 0 

V5 

So  Er  =  Ep  ur  =54.9[uy  ■  ur]  +  44.1[u2  •  ur] 


=  54.9  sin  0  sin  (])  +  44.1  cos  0  =  68.83 
E&  =Ep  •  u0  =54.9[uy  •  Uq]  +  44.1[u2  ■  ue] 

=  54.9  cos  0  sin  <|>  +  44.1  (-sin  0)  =  -14.85 

Et,  =Ep  •  =  54.9(uy  ■  u+)  +  44.1(u2  ■  u+)  =54.9  cos  4>  =  0 

8.  (A)  Let  a  point  on  y  axis  be  P(0,  y,  0) 


E 


20  x  10“ 


4jie„ 


Rl  R2 


IRJ3  IR2I3 

R3  =  (0,  y,  0)  -  (3,  0,  0)  =(-3,  y,  0) 

R2  =  (0,  y  0)  -  (-3,  0,  0)  =  (3,  y,  0), 

Pi|=fR2|=V^y 


E„  =20  x  10"9  x  9  x  10! 


-1080uy  , 

(9  +  y2f2’  11  (9  +  y2f2 


-3ut  +  yuy  3ut  +  yuy 

(V9  +  y2)3  +  (a/9  +  y2)3. 

1080 


9.  (B)  The  field  at  P  will  be 


E„ 


Q0 


4ne„ 


-2uc  +  2uy  -  u2 

9^2 


,  E2  =  1  kV/m 


Q0  =  -47ie0  x  9^2  x  103  =  -3  pC 

10.  (C)  This  will  be  8  times  the  integral  of  pv  over  the 


first  octant 
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Q  =  8 1  j  J  p0e  1  y~zdxdydz  =  8p„ 

0  0  0 

2k  n  0.05 

11.  (C)  Q  =  |  |  |  0 2r2  sin  0  drd  0cZ4> 


4Ti02)  — 
3 


0  0  0.03 

0.05 

=  82.1  pC 

0.03 


12.  (A)  Q  =  j  j  j 


5e 0  lp(rc— 1 4>l ) 


=  5 


CO  —  71  0 

-olp(-0.1  - 1) 


10 


(0.1)2 


(-0.101) 


J«  J 


_  o  -00  0 


(n  -  §)dz 
-10 


Q  =5x26.4 1 


=  5  x  26.4  x  n‘ 


13.  (A) 

l.ln  25”  5 


7T  dz 
?2  +  10 


-  tan 


Vio  Vio. 


=  129  mC 


4>  =  10  J  |  J(r  -  4 )(r  -5) sin  0  •  sin  —  r2  sin  0  dpdBdfy 

n~  n  a  2 


rr5  9r4  20r3l 

5 

1  1 

25° 

d> 

10 

—  0 - sin  20 

X 

-2  cos  — 

L5  4  3 

4 

|_2  4 

0 

2  J 

=  10  t-3.39][0.0266][0. 626]  =0.57  C 


P  L 


R 


14.  (D)E=- 

P  2tte0  IRpl 

Rp  =  (1,  2,  3)  -  (1,  -2,  5)  =  (0,  4,  -2) 

|Rpf  =20, 

E  _  5  X  10  9  ~ 

P  2iie„ 


4uy -2u, 
20 


=  18uy  -9u2 


15.  (C)  With  z  =0,  the  general  field  is 


E  „  = 


Pl 


2  tie,. 


(y  +2)ut  -5uz 


(y  +  2f  +25 


E p  =20nC  x  2  x  9  x  10 


=  -48uv  V/m 


6uz  -  3u  v  6ur  +  3uy 


17.  (B)  Ep  = 


Pl 


2ti£„ 


R 


36  +  9 


R 


36  +  9 


R 


iR,Pi  'V  IV 


2u  -u2  -3u  -u  -3i4+2uv 

- y - L  + - ‘ - >  + - ‘ - l 

5  10  13 


Pi^u 

2jre„  * 


R*p  =  (—3, 0,  -1,)  -(-3, 0, 0,)  =  (0,  2,  -1) 
Similarly  Rw  =  (-3,  0,  -1),  R2/)  =  (-3,  2,  0) 
Ep  =100x  10“9x2x9x  10"9 

Ep  =  100  x  1(T9  x2x9  xl(T9  x 

=  -0.96ur  +  uy  -0.54uz  kV/m 

18.  (C)  At  y  =  4,  E  = 

dF  =  dqF  =  pLdzF 

F  =  f  pLdzUy(6)  =  18.75uv  pN 
0  2ti£0 

19.  (A)  E  =  (  (  R  R 

J  J  4tie0  IR-R'I3 

where  R  =  3u  t  and  R'  =  yu  +  zuz  , 

Pi  i  }3"-T* 

2 


EpA  4ti£0JJ2  (9  +  y2  +  z2)^2 


Due  to  odd  function 

2  2>Mxdydz 


Pl 


JJ 


E"  (9  +  /+*’)»• 

So  there  is  only  x  component. 


20.  (D)  There  will  be  z  component  of  E  only 
R=zuz,  R'=pup,  R-R'=zuz-puz 

2 7i  0.2 

P‘  J  J; 


E-.r.  ~ 
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zpapaq) 


4tI£„  i  i  ( z 2  +  p2)^2 


27tpsz 

1 

0.2 

PsZ 

1 

1 

4ti£0 

V+P2J 

o 

Vz2  +0.04 

>> 

CM 

ii 

K=- 

So 

i  * 

K  i 

Jz 2  +  0.04 

5  =>  y  =  - 

,  at  z  =0.5,  Ez  =20.2  V/m 


E  = 


6.25 


2ti£„ 


2.5uy  -5uz 
6.25+25 


16.  (C)  En  = 


Pl 

2ti£„ 


R. 


=  9uy  -  18u2 


R 


IR+/  !Rqi2 


R+q  =  (6,  0,  6)  -  (0,  3,  6)  =  (6,  -3,  0) 
R_q  =  (6,  0,  6)  -  (0,  -3,  6)  =  (6,  3,  0) 
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21.  (A)  Since  charge  sheet  are  infinite,  the  field 
magnitude  associated  with  each  one  will  be  ps/2e0  , 
which  is  position  independent.  The  field  direction  will 
depend  on  which  side  of  a  given  sheet  one  is  positioned. 


£a  = 


10  X  10 

2e„ 


u. 


40  x  10 

2£„ 


u. 


50  x  1Q- 

2e„ 


u. 


=  0.56u,  +2.23u„  -2.8u. 
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22.  (A )dy=EA  =  -15x2y=-3y 

dx  Ex  5xa  x 

dy  3  dx  .  „ .  .  „  C, 

=>  —  = - =>  In  y  =  -3  In  x  In  Cy  =  — 

y  3  x 


At  P,  2  = 


Ci 


C,  =  128 


128 

3 


23.  (A)  This  point  lies  in  the  center  of  a  symmetric 
arrangement  of  line  charges,  whose  field  will  all  cancel 
at  that  point.  Thus  D  arises  from  the  point  charge  alone 

10  x  10-9  (-3uy  +  4uz) 

"  4n  (32  +  42)1'5  ’ 

D  =-19.1u:y  +  25.5uz  pC/m2 

24.  (C)  h,  =  2^42  -1  =7.75, 
h2  =2y/42  -1  =6.93 

Qt  =  2  x  7.75  x  40n  +  2  x  6.93  x  50  +  20n  =1.33  pC 


u  u  u  u 

29.  (C)  Q  =  |D  ■  n  dS  =|| 2 aydydz  +  | J -2(0 )dydz 


Back 
a  a 


+  \\-x2dxdz+\\x2dxdz  +  \\  -6(0  )3dxdy  +  J  J  6  a3dxdy 


Top 


Left  Right 

4  4 

=  a4  +  0-  —  +  —  +  0  +  6a5  =  a4  +  6a5 
3  3 

c)D 

30.  (C)  V  -  D  = — -  =  20x4y3z4 

dy 

Center  of  cube  =(3.05  1.05  2.05)  and  Volume 

V  V=(0.1)3  =0.001 

4>  =  20  (3.05)4  (1.05)3  (2.05)3  (2.05)4  0.001  =35.4 

31.  (C)  d>=(V  D)  \v 

=  —  f —  ttCO.003)3  |  =113.1  nC 
dx  l  3 


u.ua  ju 

25.  (D)  Q  =  J  J  5e-2Oz(0.08)d§dz  nC 


=  f?-^Wo.08)f-^- 


2  6  J 


20 


=  9.45  x  10"3  nC  =9.45  pC 

26.  (A)  Out  of  the  6  surface  only  2  will  contribute  to  the 
net  outward  flux.  The  y  component  of  D  will  penetrate 
the  surface  y  =  0  and  y  =  z  and  net  flux  will  be  zero.  At 
x  =  0  plane  Dz  =0  and  at  z  =  0  plane  Dz  =0. 

This  leaves  the  2  remaining  surfaces  at  x  =  2  and  z  =5. 
The  net  outward  flux  become 

5  3  3  2 

f=  \  jDL=2  ■  u ,dydz  +  j  J  D|v  2  ■  u Zdzdy 
0  0  0  0 

3  3 

=  5j  4(2)ydy  +  2\  4(5 )ydy  =  360  C. 

0  0 

2 7i  ji  0.001 

27.  (D)  Q  =  J  J  J 2e“1000rr2  sin  0  drdQdfy 


Q  =  8n 


0  0  0 
0.001 


1000 


2e^1000r(-1000r  -1) 


Q  =  4  x  10  9nC, 


D  = 


Q  4.0  x  IQ-9 
4itr2  ”  47tx  (0.001)2 


lOOO(lOOO)2 


=  0.32  C/m2 


28.  (C)  4nr2Dr  =  4tt(22)  20  x  10'9  C/m2 

80  „  /  2 

D,  nC/nv 


32.  (B)p„=V-D 


10y 


2  +  10x2y 


=8.96 


J(-2,3,5) 


33.  (C)  V-D=4^-(r2x2r)  =  6  , 
r  dr 

Jv  D  dv  =  6x  (0.4)3  =0.38 


34.  (C)  dW=-qE-d.-L 
=  -5{4ux  -  3u  +  5u2)  • 


(u,  +U  ,  +  u.)(2) 


V3 


=  -^l(4-3  +  5)  =-34.64  J 
V3 


35.  (B)  The  vector  in  this  direction  is 
(2,  1,  4) -(7,  2,  3)  =  (1,  -1,1) 

„  _u,  “uy  +  u2  >  dW=-qE-dE 


V3 


r 


=  -(60  x  10  ) 

19  ir6 
=  - 12  x 


100up  • 


(u,  -uv  +  u2)(2  X  10  ) 


V3 


^  (Up'U,  -up-u,) 


At  p  ,  4>  =  tan  1  (  —  I  =  63.4° 


up  ur  =cos  63.4°  =0.447, 
Up  ■  uv  =  sin  63.4°  =0.894 


dW  =  3.1  p  J 

36.  (A)  W  =-q\E-dE 
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=  -10  | (2xux  -  3y2uv  +  4u2)  (dxut  +  dyay  +  cLzvl2) 

3  1-1 

=  -10  1 2  xdx  +  10  J  3y2dy  -  10  J  Adz  =  -40  J 
0  0  0 

37.  (D)  rA  =2  cm,  rB  =3  cm 

Q  _  4na2ps  _  (6  x  10  3)2  x  30  x  10  9 


V(r)  =  - 


47te„r  4jte„r  8.85  x  10  x  r 


T7,  v  0-122  T.  „ 

VXr)  = - ,  Vab=Va-Vb  = 


0.122  0.122 


r  ab  a  b  0^Q2  0^0g 


=  2.03 


38.  (D)  W  =  - 


4tc„ 


|  dr  _  Q,Q2 

1  1  " 

i  r2  4™„ 

JB  rA  _ 

rA  =rB  ,  W  =0 


39.  (B)  V„(s)  = 


Q 


4ne,r 


Pl^P 


C,  =--P^lnp  +  C1 


V'(P)  J"  2  7T80P  1  2  7l£0 

y ,(z) =-  f  Ps-dz  +  c2=  ^-  +  c2 
s  J  2e  2  9.  2 


V  = 


e 


2e„ 

Pi  -In  p — ^2  +  C 


4jte0r  2jte0  27te0 
Here  r,  p  ,  z  are  the  scalar  distance  from  the  charge, 
r  =7 22  +52  =V29  ,  p  =V(5  -4)2  =1  ,  2=5 
By  putting  these  value.  C  =-1.93x  103 
At  point  N,  r  =  *J(2  - 1)2  +  22  +  z2  =  Vl4 

p=Vl2'+l2  =  V2  ,  2=3,  Vs=1.98kV 

40.  (D)  Vp  =  }  =  T  6  X  ^  9dz  =  108  V 

i4n£aR  i,4ns0(z  + 1)¥ 

41.  (A)  y  =ff — ^ —  , 

p  4jte0IR-R'l 

R  =zu2,  R'  =pup,  dS  =pdpd(j>, 

(5  x  10~9)p2dpd(f) 


z’  J 
2  7i  0.03 


v.-J  f 


4ne0y/p2  +z2 


5  x  109 

2s„ 


P-^77-Z-ln(p  +  ^^) 


At  z  =0.02,  V  =0.081  V 


42.  (C)  E  =-vy 


2yV 


6x 


x2  +2y2  +  322 


u 


4xy23 


12y 


x2  +  2y  +  322 


u. 


6xy222  + 


182 


x2  +2y2  +  322 


u. 


Ep  =7.1uc  +  22.8uy  -  71.1u2  V/m, 

IE  I  =75  V/m 

43.  (D)  E  =  -vy  =  -  —  ur  =  -(0.6)(70)r“°'4ur 
dr 

=  -42r-°  4ur  V/m, 

D  =  eoE  =  -42r”°'4£our  C/m2 

p„  =  V  D  =\±(r2Dr)=\^{- 42e0r16)=-67.2  ^ 
r  dr  r  dr  r 

At  r  =  0.6  m, 

67.2  x  8.85  x  10  12 


P„  =- 


(0.6)1 


=  -1.22  nC/m3 


A  A  SV  1  8V 

44.  (A)  E  =  -VV  = - u - u„ 

dr  r  r  50  9 

=  -160rcos  0  ur  +  80rsin  0  ue  V/m 

D  =  e0E  =  -80eo(2r  cos  0  ur  -  r  sin  0  u9) 

1  d 


p„=V-D  = 


\^{r2Dr)  +  — —  ^-CDrsin0) 
r  dr  r  sin  0  dO 


p„  =-80et 


1  „  o  2  „  12  sin  0  cos  0 

-2x3 r2  cos  0 - 

r  r  sin  0 


p v  =  -320eo  cos  0  =  -2.45  nC/m3 

tn\  17  V7T7  SV  1  BV 
45.  (C)  E  =  -VV  = - u - u. 

Bp  p  p  Sct»  * 
=  -(50  +  150  sin  (|))up  -  (150  cos  (|))u+  , 
D  =  eaE,  p„  =  V  -  D  =  e0V  -E 


Pv  =eo 


=  e. 


1  8  ,  1  8  „ 

- ( pE)  h - E, 

p  dp  p  0(j) 


(50  +  150  sin  <j>)  150  sin  <(> 


Q  =  f  f  f  ^pdpdifdz  =-27i(50)eo2  =-5.56  nC 
0  0  0  p 


■^C/m2 


46.  (A)  V  = 


Qd  cos  0  _  100  cos  0 
4n  zr2  r2 


„  mr  f  BV  1  BV 

E  =-W  =h  — u  + - u, 

{dr  r  50 

ioo ..  .  .  „  , 

=  — r-(2  cos  0  ur  +  sin  0  u0), 
r 


|E|  =  100(4  cos2  0  +  sin2  0)1/2  =  100  x  ^  = 15811  v/m 


2x1 0“9 

47.  (A)  E  =  - -[2  cos  0  u  +  sin  0  u„], 

47t£„r 
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y  =  z  lies  at  0  =  45° 

„  2  x  10"9  1  ln_3  .  . 

Ee  = - —  -=  =  10  (required) 

47ie0r  V  2 

r3  =  12.73 x  103,  r  =23.35 


48.  (A)  V  = 


P  (R-R) 


4jteJ  R  -R'  I3 
where  R -R'  =  Q -P  =  (1,  1,  8) 

(3U,.  -5u  v  +  10u2)  ■  (ut  +  uy  +  8u2)  x  10 


So  VP  = 


47teD(l  +  1  +  8  ) 


=1.31  V 


49.  (A)  E  =  -  W  =  40 
W.-iJJ/E.E* 

w.  =»00.,  f  J  J 


2 

x  yz 


Uv 


u 


2  y  2  2 

xy  z  xyz 


422  242  224 

xyz  xyz  xyz 


dxdydz 


= 1548  pJ 


50.  (A)  W=±£qnVa 

4  n  =  1 

V  =V  +  V  +  v  = 

yl  v  21  ~  v  31  '  v  41 

V  =  V  =  V  =  V 

2  1  4jte„(0.04) 


47te„ 


0.04  0.04  0.04^2 


V2 


=  1.75  pJ 


55.(A)/-JJj„L,0IdS 

s 

271  04  40  40  04 

=  JJ  ^(n1^P^  =  Tlog[p2+(Q'1)2]  {27t) 

0  0  P  '  ^  ^  0 

=  40 7i  log  17  =356  A 


56.  (B)  So  Eal=Est=^=^  =>  Jal  =  2*.  Jst 

®al  ®st  ®st 

I  =  71(2  X  10~3)Jst  +  tc[( 4  X  IO-3)2  -(2  X  10~3)2]Jal  =  80 
Solving  Jst  =  3.2  x  105  A/m2 


57.  (B)  J=  — up  A/m2, 

2  up/ 


E=l=-  4 


12.73 


u  V/m 


CT  2jip/o  pi 

T7  ,T  ?  12.73  , 

V  =-J  E  c/L  =J  — —  up  upc/p  = 

5  3 

D  V  6.51  1.63  ^ 

It  =  —  = - = -  Ll 

I  41  p 


12.73.  5  6.51  „ 

- In  —  = - V 

l  3  / 


58.  (D)  E  =  -VV  =  - 


dv 


U  , 


1  dV 


y8p 

(p  +  1)  ^2 
P 

E  =  -1.82u+  +  145u<,  -  2.67u2  V/m 


u, 


dV 


U 


=  -z2  cos  <|>  u 


p  p  d(|)  ”  dz 

z 2  sin  (|>  u+  -  2(p  +  1  )z  cos  <|>  u2 


Ps  =eoE'n|  =e0 


EE 

I E  I 


=  e0  4.822  +  14.52  +  2.672  =  131.5  pC/m2 


51.  (BH-JJj  •  n  i  dS  =  J  J  J  •  uy|  i dxdz 

s  00 

2  1 

=  J  Jl05cos(2x)2 -2y  dxdz  =12307  kA=12.3MA 
0  0 

52.  (C)  7=JJj-ndS 


zji  \j  .01 

=  \  J 


800  sin  0 
(0.80)2  +  4 


(0.80)2  sin  QdQd^  =154.8  A 


53.  (D)  F  =  ma  =  qE, 

qE  (-1.602  x  10“19)(-4  x  106)  17  /2 

a  =  - —  = - - u,  =7.0x10  u  m/s  , 

m  9.11  x  10“3 


v  =  at  =7.0  x  1017tu2  m/s 


dPv 

dt 


54.  (D)  hhZ  =_v  .  J  =A^(pJ  ) 


IS,  n  dJ2 
(P^p)  +  ^ 
p  op  dz 


1  d 


(25)  + 


p  Sp  dz\p  +  0.01 


-20 


=  0 


71  .  71 

40  cos  —  sin 


59.  (C)  V  =  - 3 - =2.5  V 

23 

So  the  equation  of  the  surface  is 
40  cos  9  sin  4,  =25>  16cosesin(^  =  r3 


60.  (A)  E  =  -vy,  D  =  eE  =  -  EpVy 

X  ZjKJVJX  ^  / 

C/H 


onri  d  x  200x 

200 z - 3 - u,  +  — - u. 


D 


(2  =  0) 


dx  (x2  +4)  1  x2  +  4 

200s„x  2 

u2  C/m2, 


x2  +4 


Ps  =D  u2 


-22°0e°X  C/m2, 


u  z 

fl-JJ 


-900p  r  1 

„  °  dxdy  =  -(3)(200)so  iln[x2  +  4J 

x  +  4  2 


=  -  300  In  2  =  -  1.84  nC 
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61.  (B)  E  =-VV  ,  -3 xy2z3  satisfy  this  equation. 

62.  (D)  The  plane  can  be  replaced  by  -60  nC  at  Q  (2,  5, 
-6). 

R  =  (5,  3,  1)  -(2,  4,  6)  =  (3,  -1,  -5) 

R  =  (5,  3,  1M2,  4,  -6)  =  (3,  -1,  7), 

IRI  =  V35,  IR' I  =  a/59 


VP=- 


<7 


q 


4ne,R  4ne,R'  4ne„ 


Vp  =  60  x  10“9  x  9  x  10 


11 

V35  V59 

1 


735  V59 


=  21  V 


63.  (A)  Using  method  of  images 


7-yo=- 


Pl 

2tte„ 


In 


Final  Distance  from  the  charge 


Initial  Distance  from  the  charge 


v0=o, 


v„=- 


P  L 
2n  en 


In  1  I  In  ^  +  (2  ~  1)2  In  ^  +  (2  ~  ^  ]n  ^  +  32 


2.40  kV 


64.  (C)  P  =D  -  e0E  =D  -  —  =  — (er  - 1) 

£,  £„ 


P  =  (2u,  -4uv  +  5u,  ) 


(2.4  -  1)  x  10 
2.4 


P  =  12u,  -2.3uv  +  2.9u,  nC/m2 


65.  (C)  D(ll  =D(1 


=  2  x  1.5sD  =2.5e0En2 


ei®An  —  e2®j' 


En2  =  12 


E, i  =  Et2  ,  E2  =  1.2u,  -  3uy  +  lu. 


66.  (D)  The  unit  vector  that  is  normal  to  the  surface  is 


u 


VF 

IVFI 


u,-u,  +  2uz 

V6 


Since  E  is  normal  to  the  surface 

„  „  2  1000  400 

E„2  =— Enl  =  -x  — ,-ur  =  2  u,,  V/m 

er2  5  r  r 


68.  (D)  Dnl  -Dre2  and  E(1  -Et2  ,  D  -  eE 

D„i  =  80  x  3e0  =  Dn2  =5e0Enl  ,  Enl=48 
E2  =  48u,  -  60uy  -  40  u, 

69.  (A)  D  =  sE  =  -  fix)W, 

V  D  =  p„  =0  =V  -(—f(x)VV) 

0  =  V  ■(-f(x)VV) 


dF  8V  ..  .  d2V  ,  d2V 


dx  dx 


fix) 


d2V 

dz2 


V2V=-- 


1  dF  dV 

fix )  dx  dx 


70.  (A)p„=0  =>  V2  V  =0, 

V2V=16e2*  +  ^£-6=0 
dx2 

—  =  -16e2*  +  6  =>  —  =  —  8e2x  +  6x  +  C/ 

dx  dx 

E.=™=  8e-  +  df 


dx 

Exi0)  =  8  +  — 
dx 


dx 

=0  =*  d-L 

dx 


=  -8 


- 1=0 

It  follow  that  C1  =0 
Integrating  again 

fixf)  =  -4e2x  +  3x2  +  C,  f(0, 1)  =  -4  +  C2 
V(0, 0)  =0  =  4  +  f(0)  =>  C2  =0.  /■  (0)  =  —4 
fix)  =  -4e2x  +  3x2, 

Vix,  y)  =  4e2x  -  4e2*  +  3x2  -  3y2=  3  ix2  -  y2) 


Enl  =E,  uN  =  -^[100  -200  -100]  =  -81.7  V/m 
V6 

=-81.7-^[ur  -uv  +2uJ 

=  -33.33u,  +  33.33uy  -  66.67u,  V/m 
Etl  =EX  -Enl  =133.3x1,  +  166.7uz  +  16.67u2 
Efl  =E,2  and  Dnl  =D„2 
=>  erieoEItl  =£r2£QEn2 

F  1  1 

E  =-kEE  =— E  E  =E  +— E 

■Ljn2  L‘n  1  .  “b1»  ^2  Jit2  ^  .  I~‘n  1 

£.2  4  4 


=  1333U,  +  166.7uy  +  16.67u,  -8.33u,  +  8.33uy  -  16.67u, 
=  125u,  +  175uy  V/m 


67.  (B)Dnl=D„ 


vAi  =  er2e„E„ 
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Statement  for  Q.9-11: 

An  infinite  filament  on  the  2-axis  carries  10  mA  in 
the  u2  direction.  Three  uniform  cylindrical  current 
sheets  are  also  present  at  400  mA/m  at  p  =  1  cm,  -250 
mA/m  at  p  =  2  cm  and  300  mA/m  at  p  =  3  cm. 

The  magnetic  field  H +  at  p  =  0.5  cm  is 

(A)  0.32  A/m  (B)  0.64  A/m 

(C)  1.36  mA/m  (D)  0 

EQ  The  magnetic  field  at  p  =  1.5  cm  is 
(A)  1.63  A/m  (B)  0.37  A/m 

(C)  2.64  A/m  (D)  0 

EH  The  magnetic  field  at  p  =  3.5  cm  is 
(A)  0.14  A/m  (B)  0.56  A/m 

(C)  0.27  A/m  (D)  0.96  A/m 

Statement  for  Q.12-14: 

In  the  fig.  P8. 3. 12-14  The  region  0  <z  <2  is  filled 
with  an  infinite  slab  of  magnetic  material  (pr  =2.5).  The 
surface  of  the  slab  at  z  =  0  and  z  =2,  respectively,  carry 
surface  current  30  u  .  A/m  and  -40ul:  as  shown  in  fig. 

Z 


m  In  the  region  0  <  z  <  2  the  H  is 

(A)  -35uy  A/m  (B)  35uv  A/m 

(C)  -5uy  A/m  (D)  5uy  A/m 

In  the  region  z  <  0  the  H  is 
(A)  5Uj  A/m  (B)  -5uv  A/m 

(C)  10uv  A/m  (D)  -10uy  A/m 

EES  In  the  region  z  >  2  the  H  is 


Statement  for  Q.15-16: 

In  the  cylindrical  region 

H,=-  +  -  for  p  <0.6 

*  p  2  F 

H.=  —  for  p  >0.6 
P 

IP  The  current  density  J  for  p  <0.6  mm  is 
(A)  2u2  A/m  (B)  -2u2  A/m 

(C)  u2  A/m  (D)  0 

The  current  density  J  for  p  >0.6  mm  is 
(A)  2u2  A/m  (B)  -3u2  A/m 

(C)  3u2  A/m  (D)  0 

EES  An  electron  with  velocity 
v  =(3ut  +  12ut  -  4u2)  x  105  m/s  experiences  no  net 
forces  at  a  point  in  a  magnetic  field  B  =  u2  +  2u  +  3u2 
mWb/m2.  The  electric  field  E  at  that  point  is 

(A)  -4.4ux  +  1.3uy  +  0.6u2  kV/m 

(B)  4.4ur  -1.3uy  -0.6u2  kV/m 

(C)  -4.4ux  +  1.3uy  +  0.6u2  kV/m 

(D)  4.4u2  -1.3uy  -0.6u2  kV/m 

A  point  charge  of  2  x  10~16  C  and  5  x  10~26  kg  is 
moving  in  the  combined  fields  B  =  -  3ur  +  2u  v  -  u2  mT 
and  E  =  100u2 -200uy  +  300u2  V/m.  If  the  charge 
velocity  at  t  =0  is  v(0)  =(2u 2  -  3uy  -  4u2)  105  m/s,  the 
acceleration  of  charge  at  t  =  0  is 

(A)  600[3ut  +  2uy  -3u2]109  m/s2 

(B)  400[6u2  +  6uy  -3u2]109  m/s2 

(C)  400[6u2  -  6uy  +  3u2]109  m/s2 

(D)  800[6u2  +  6uy  -u2]109  m/s2 

m  An  electron  is  moving  at  velocity  v  =  4.5  x  107uy 
m/s  along  the  negative  y-axis.  At  the  origin,  it 
encounters  the  uniform  magnetic  field  B=2.5u,  mT, 
and  remains  in  it  up  to  y  =  2.5  cm.  If  we  assume  that  the 
electron  remains  on  the  y  -axis  while  it  is  in  the 
magnetic  field,  at  y  =  50  cm  the  x  and  z  coordinate  are 
respectively 

(B)  -1.23  m,  -0.23  m 

(D)  11.7  cm,  0 


(A)  5uy  A/m 
(C)  35uv  A/m 


(B)  -5uy  A/m 
(D)  -35uy  A/m 


(A)  1.23  m,  0.23  m 

(C)  -11.7  cm,  0 
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Statement  for  Q.20-22: 

A  rectangular  loop  of  wire  in  free  space  joins  points 
A(l,  0,  1)  to  B(3,  0,  1)  to  C(3,  0,  4)  to  D(l,  0,  4)  to  A.  The 
wire  carries  a  current  of  6  mA  flowing  in  the  u2 
direction  from  B  to  C.  A  filamentary  current  of  15  A 
flows  along  the  entire  z,  axis  in  the  u2  directions. 


The  force  on  side  BC  is 
(A)  -18u2  nN  (B)  18ux  nN 

(C)  3.6u2  nN  (D)  -3.6uy  nN 


The  force  on  side  AB  is 
(A)  23.4uz  pN  (B)  16.4u2  pN 

(C)  19.8u2  nN  (D)  26.3u2nN 


EEI  The  total  force  on  the  loop  is 

(A)  36U,,  nN  (B)  -36uT  nN 

(C)  54uy  nN  (D)  -54uy  nN 


ESI  Consider  the  rectangular  loop  on  z  =  0  plane  shown 
in  fig.  P8.3.23.  The  magnetic  flux  density  is 
B  =  6xu2 -9yuv  +  3zu2  Wb/m2.  The  total  force 
experienced  by  the  rectangular  loop  is 


y 


2 

l 


5  A 


0  12  3 

Fig.  P8.3.23 

(A)  30u2  N  (B)  -30u2  N 

(C)  36u2  N  (D)  -36u2  N 


^3  If  the  current  filament  is  located  at  y  =  0.5,  z  =0, 
and  uL  =ux,  then  F  is 

(A)  35.2uy  nN/m  (B)  68.3ur  nN/m 

(C)  105. 6u2  nN/m  (D)  0 

^3  Two  infinitely  long  parallel  filaments  each  carry  100 

A  in  the  u2  direction.  If  the  filaments  lie  in  the  plane 

y  -  0  at  x  =0  and  x  =  5  mm,  the  force  on  the  filament 

passing  through  the  origin  is 

(A)  0.4ux  N/m  (B)  -0.4ux  N/m 

(C)  4uy  mN/m  (D)  -4uy  mN/m 

Statement  for  Q.27-28: 

A  conducting  current  strip  carrying  K  =  6u2  A/m 
lies  in  the  x=0  plane  between  y=  0.5  and  y  =  1.5  m. 
There  is  also  a  current  filament  of  I  =  5  A  in  the  u2 
direction  on  the  z  -axis. 

^3  The  force  exerted  on  the  filament  by  the  current 
strip  is 

(A)  122uy  pN/m  (B)  6.6uv  pN/m 

(C)  -122uy  pN/m  (D)  -6.6uy  pN/m 

>%l  The  force  exerted  on  the  strip  by  the  filament  is 
(A)  -6.6uy  pN/m  (B)  6.6uv  pN/m 

(C)  2.4ux  pN/m  (D)  -2.4  ur  pN/m 

Statement  for  Q.29-32: 

In  a  certain  material  for  which  pr  =6.5, 

H  =  10 u2  +  25u y  -  40u2  A/m 

33  The  magnetic  susceptibility  y  m  of  the  material  is 

(A)  5.5  (B)  6.5 

(C)  7.5  (D)  None  of  the  above 


Statement  for  Q.24-25: 

Three  uniform  current  sheets  are  located  in  free 
space  as  follows:  8u2  A/m  at  y=0,  -4u2  A/m  at  y  =  1 
and  -4u2  A/m  at  y  =~1.  Let  F  be  the  vector  force  per 
meter  length  exerted  on  a  current  filament  carrying  7 
mA  in  the  u  L  direction. 

^3  If  the  current  filament  is  located  at  x  =0,  y  =0.5 
and  uL  =  u2  ,  then  F  is 

(A)  35.2u  nN/m  (B)  -35.2u  nN/m 


(C)  105. 6u  nN/m 


(D)  0 


5fil  The  magnetic  flux  density  B 

(A)  82u2  +204uy  -327u2  pWb/n 

(B)  82u2  +204uy-327u2  pA/m 

(C)  82u2  +  204uy  -  327u2  mT 

(D)  82uy  +204uy  -327u2  mA/m 

The  magnetization  M  is 

(A)  75ur  +  187.5uy  -300u2  A/m2 

(B)  75ur  +  187.5uy  -300u2  A/m2 

(C)  55ur  +  137.5uy  -220u2  A/m2 

(D)  55ur  +  137.5ur  -220u2  A/m2 
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The  magnetic  energy  density  is 

(A)  19  mj/m2  (B)  9.5  mj/m2 

(C)  16.3  mj/m2  (D)  32.6  mj/m2 

Statement  for  Q.33-34: 

For  a  given  material  magnetic  susceptibility 
y  m  =3.1  and  within  which  B=0.4yu2  T. 

^3  The  magnetic  field  H  is 

(A)  986.8yu2  kA/m  (B)  151.6yu2  kA/m 

(C)  102.7 yu2  kA/m  (D)  77.6yu2  kA/m 

HEM  The  magnetization  M  is 

(A)  241yu2  kA/m  (B)  3182yu2  kA/m 

(C)  163yu2  kA/m  (D)  None  of  the  above 

In  a  material  the  magnetic  field  intensity  is 
H  =  1200  A/m  when  B  =2  Wb/m2.  When  H  is  reduced  to 
400  A/m,  B  = 1.4  Wb/m2.  The  change  in  the 
magnetization  M  is 

(A)  164  kA/m  (B)  326  kA/m 

(C)  476  kA/m  (D)  238  kA/m 

£Til  A  particular  material  has  2.7  x  1029  atoms/m3  and 
each  atom  has  a  dipole  moment  of  2.6  x  10  30 u  A  m2. 
The  H  in  material  is  (pr  =  42) 

(A)  2.94uv  A/m  (B)  0.22uy  A/m 

(C)  0.17uv  A/m  (D)  2.24uv  A/m 

ETM  In  a  material  magnetic  flux  density  is  0.02  Wb/m2 

and  the  magnetic  susceptibility  is  0.003.  The  magnitude 

of  the  magnetization  is 

(A)  47.6  A/m  (B)  23.4  A/m 

(C)  16.3  A/m  (D)  8.4  A/m 

ItTH  A  uniform  field  H  =  -  600u  y  A/m  exist  in  free  space. 
The  total  energy  stored  in  spherical  region  1  cm  in 
radius  centered  at  the  origin  in  free  space  is 
(A)  0.226  j/m3  (B)  1.452  j/m3 

(C)  1.68  J/m3  (D)  0.84  J/m3 

^3  The  magnetization  curve  for  an  iron  alloy  is 
approximately  given  by 

B  =  —  H  +  H2  pWb/m2 


If  H  increases  from  0  to  210  A/m,  the  energy 
stored  per  unit  volume  in  the  alloy  is 


(A)  6.2  MJ/m3 

(B)  1.3  MJ/m3 

(C)  2.3  kj/m3 

(D)  2.9  kJ/m3 

^3  If  magnetization  is 

given  by  H  =  |(-yut  +  xu  v)  in  a 

cube  of  size  a,  the 

magnetization  volume  current 

density  is 

.  12 

6 

(A)  u2 

(B)  —  (x  -y) 

a 

a 

(C)  —  u3 

(D)  —  (x  -y) 

[0  The  point  P(2,  3,  1)  lies  on  the  planner  boundary 
separating  region  1  from  region  2.  The  unit  vector 
uwi2  =  0.6ut  +  0.48uv  +  0.64u2  is  directed  from  region  1 
to  region  2.  If  prl  =2,  pr2=8  and 

H1  =  100ut  -  300u  v  +  200u2  A/m,  then  H2  is 

(A)  40.3ut  +  48.3uy  -178.9u2  A/m 

(B)  80.2u2  -  315. 8uy  +  178.9u2  A/m 

(C)  40.3ut  -  315. 8uy  -  178.9u2  A/m 

(D)  80.2u2  +  48.3uy  +  178.9u2  A/m 

The  plane  separates  air  (z  >  0,  ur  =  1)  from  iron 
(z  <0,  pr  =20).  In  air  magnetic  field  intensity  is 
H  =  10u2  +  15uv  -  3u2  A/m.  The  magnetic  flux  density 
in  iron  is 

(A)  5.02u2  +  7.5uy  -0.076u2  mWb/m2 

(B)  12.6ut  +  18.9uy  -75.4u2  pWb/m2 

(C)  251u2  +  377uv  -  3.77u2  pWb/m2 

(D)  251ut  +  377uy  -  1508u2  pWb/m2 

The  plane  2x  +  3y  -  4z  =1  separates  two  regions. 
Let  prl  =2  in  region  1  defined  by  2x  +  3y  -  4z  >  1,  while 
pr2  =5  in  region  2  where  2x  +  3y-4z<l.  In  region 
H1  =50uv  -30uv  +20u2  A/m.  In  region  2,  H2  will  be 

(A)  63.4ut  +  43.18uv  -  19.4u2  A/m 

(B)  52.9uc  -25.66uy  +  14.2u2  A/m 

(C)  48.6u2  -  16.4uy  -  46.3u2  A/m 

(D)  None  of  the  above 

sfc  Jc  Jc 
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SOLUTIONS 


1.  (C)  H  =  f IdL  x 
J  4tlR2 

—qo 

7  r  -uydy[2ux  +  (3-y)uy] 
4k 


=  — f- 

Arr  J  f 


[2 2  +  (3-y)2]3'2 
2uzdy 


4?t  „  [22  +  (3-y)2]^2 
3  -  y  =  2  tan  0,  -dy  =  2  sec2  0, 
0j  =56.31°,  02  =-90° 


j  56.3 

H  =—  f 

A  TT  J 

7 


2  u.d0 


4k  2  sec  0 


4  n 


uz  [sin  =  145.8uz  mA/m 


2.  (A)  H  =  H v  +  H,  ,  Hz  = 

znp 


p  =-J(-3)2  +  (4)2  =5 

-  uz  x  (-3uz  +  4uy)  3uy  +  4ux 


H  =  — (4Ul  +  3u-v^  =0-611u  +  0.458u  mA/m 

2  2n(5)  5  x  y  i 


Hy=-^u+  ,  p=V(-3)2+(5)2  =V34 


27tp 


(-3ur  +  5u  )  3u,-5u 


V34  V34 

12  (-5u,  +  3uz) 


2tiV34  V34 
=  -0.281ur  +  0.168uz  mA/m 
H  =  Hy  +  Hz  =0.331ut  +  0.458uy  +  0.168uz  mA/m 

3  ( \)  H  —  1  u  f  Idzu2  x  (pup  -zu2) 

3.  (A)  H  -  p-  u+  J4  4u(p2  +  z2)^2 


-4 

pdz 


I  _  J_  r  , 

27ip  *  4ti  J4  4n(p2  +  z2)3'2  * 


2 Tip  U<^  4n  Pa/(p2  +  16) 


U,h 


1- 


U,K 


2np[  V(p2  +16)y 
At  p  =  -  3,  <|>  =  60°,  7  =  3rt, 

H  =0.1u.  A/m 


-(1  +  x)ut  +  3u  +  2uz 

Ur  = - - - 

R  R 

R  =  ^/(l  +  x)2  +  32  +  22  =  -Jx2  +  2x  +  14 
|  4dxux  x[-(l  +  x)uz  +  3uv  +  2uJ 
“_•[  4k(x2  +2x  +  14f2 

(12uz-8uy)dx  _2(12uz-8uy) 
^4Tix2  +2x  +  14)3/2 
=  0.147uz  -0.098u  A/m 


4ti13 


pldzw.. 


f  Idz\xz  X  (pu  -zuz) 


4n(p2  +  z2)3'2 


I  _  1 

2np  *  l  Mp'  +  z'  f' 


I 


pldzu. 


p7u,;, 


'a4jt(p2  +  z2)3'2  4n  p2(p2+z2)3'2 

/  A 


7auz 


2?ip(p2  +  z2)3'2 


7 

2np 


1- 


At  p  =  1,  77  = 
=>  1- 


V(p2  +  a2) 

7 

2n:p 
a  1 


U*  A/m 


Vi+«2  2 


=>  a  =-p-  =  0.577  m 

V3 


6.  (A)H  =  f  /Q?Lx> 

J  4rt7?2 

\*  7^(t>u  x  (-u  )  / 

=  - 5 - —  =  —  uz  A/m 

l  4na  2  a 

7  =  3  A,  a  =0.5  m,  H  =  3uz  A/m 
7  (D)  H  =  [j  ^  x  ^igdxdy 


2  oo 

-JJ 


4tlR2 

4uz  x  {-xmx  -  yu  -  3u z)dx  dy 


—2  — oo 
2  oo 


—2  — oo 
2  oo 


.2  .  ..2  .  g^2 


47i(jc2  +  y2  + 
f  4  (-yu2  -  3uy)dx  dy 
47i(x2  +  y2  +  9)^2 
12  u  ydx  dy 


-JJ 

—2  — oo 


4ti(x2  +  y2  +9)3/2 


3  f 

=  -“UJ 


jt  J2  y2  +  9 


6  1  .  _i 

- u  —  tan  , 

n  y  3  3 


dy 


=  -0.75uv  A/m 


4.  (B)  H  =  [  ,  IdL  =  4dxuz 

J  47LK 
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8.  (D)H  =  f/dLx"« 

J  4tlR2 

|  -Idzxxz  x  (-zu2  +  u;)  |  Idxux  x  (-xu,  +  u;) 

=  {  4tt(1  +  z2)^2  +{  4ti(1+ x2)^2 

_r  Idzux  |  Idx\iz 
“{  477(1  +  Z2f2  +J0  477(1 +X2)^2 


I 

f 

0 

xu2 

0  ^ 

4n 

1(1 +  z2) 

/( 1  +  X2) 

“  J 

=  -^-(u,+  u2)  =  0.8(ur  +  u2)  mA/m 
4ti 

9.  (A)  Using  Ampere’s  circuital  law 
j)H  •  dL  =  2npH^  =Imcl 

At  p  =0.5  cm,  Imcl  =  10  mA 
2tt(5  x  10~3)7^  =10,  =0.32  A/m 

10.  (B)  At  p  =  1.5  cm  enclosed  current 

Iencl  =  10  +  2tt(0.01)(400)  =  35.13  mA 
2tt(0.015)H+  =35.13 x  10'3  =>  72/,=  0.37  A/m 

11.  (C)  The  enclosed  current  is 

Iend  =  10  +  2tt(0.01)400  -2tt(0.02)250  +  2tt(0.03)300 
=  60.3  mA/m 

2tt(0.035)^  =  60.3  M  =>  77+  =0.27  A/m 

12.  (A)H=| (-30  -  40)u*  x  (— uz)  =  -35u y  A/m 

13.  (B)  H  =  — K  x  u 

2 

=  -  (30  -  40)11*  x  (-u2)  =  -5uy  A/m 
2 


14.  (A)  H  =  -  (-30  +  40)11*  +  (— U2)  =  5uy  A/m 
2 


15.  (OJAxH^^u. 

P  dp 


^2  +  P2 

P  3pl  2 


2  +  —  u2  =u2  A/m 


16.  (D)  J  = 


1  8_ 

P  dp 


P- |=o 

v  P. 


1 

3 


U  y  U. 

2  3 

12  -4 


x 10  x 10“ 


=  [u*(-8  -  36)  -  u v(— 4  -  9)  +  u2(12  -  6)]  x  102  V/m 
=  -4.4u*  +  1.3uy  +  0.6u2  kV/m 


18.  (D)  v(0)  x  B  =  (2u*  -  3uy  -  4u2)105 


x  (-3u*  +  2u  v  -  u2)10  3 

=  llOOu*  +  1400uy  -500u2 

F(0)  =Q  LE  +  v  x  B] 

=  2  x  10“16[1200u*  +  1200uy  -200u2] 

=  4  x  10“14[6u*  +  6uy  -  u2] 

„  F  4  x  10“14  r  „  _ 

F=ma  =>  a= — = - —  L6ur  +  6u„ 

m  5  x  10  1  31 


uj 


=  800[6u*  +  6uy  -  u2]  109  m/s2 


19.  (C)  F=evxB 


=  -(1.6x  10‘19)(4.5x  107uv)(2.5x  KT3u2) 

=  -1.8x  1014u*  N 

This  force  will  be  constant  during  the  time  the  electron 
travels  the  field.  It  establishes  a  negative  x  -directed 
velocity  as  it  leaves  the  field,  given  by  the  acceleration 
times  the  transit  time  tt  , 


1 

si 

-1.8  x  10"14  ^ 

r  2.5  x  10~2  / 

m  \ 

9.1  x  10"31  J 

v  4.5  xlO7  J 

-1.1  x  107  m/s 


*  0.5 -0.025 

^50  .  r  .  n7 

4.5  x  10 


=  1.06  x  10‘8 


s 


In  that  time,  the  electron  moves  to  an  x  coordinate 
given  by 

x  =  vxt50  =  -(1.1  x  107)(1.06  x  10~8)  =  -0.117  m 
x  =  -11.7  cm,  z=  0 


c 

20.  (A)  Fflc  =  J  7loopdL  x  Bfrom  wire  at  BC 

B 

=  [(6  x  10_3)dzu2  x  u  =  -1.8  x  10~8u  =  -18u  nN 
i  2tt(3)  3 


21.  (C)  The  field  from  the  long  wire  now  varies  with 
position  along  the  loop  segment. 

F AB  =  f(6x  10‘3)dxu*  x^iuv 
\  Znx 

45  x  10  i  q  i  o  q  ivr 
= - pom3u2  =19.8u2  nN 

71 


17.  (A)  F  =  e(E  +  v  x  B) 

If  F  =0,  E  =-v  x  B  =Bx  v 
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22.  (A)  This  will  be  the  vector  sum  of  the  forces  on  the 
four  sides.  By  symmetry,  the  forces  on  sides  AB  and  CD 
will  be  equal  and  opposite,  and  so  will  cancel.  This 
leaves  the  sum  of  forces  on  side  BC  and  DA 

FDA  =  [ x  10“3)dxu2  x  u  =  54u  nN 
{  2nd)  y 

F total  =Fm  +  Fbc  =(54  -  18)u,  =  36u,  nN 

23.  (A)  F  =  J  ML  x  R 

2  2  3  1 

=  /J  dxux  x  B  +  /J  dy\iy  x  B  +  /J  dxvLx  x  B  +  /J  dyMy  x  B 
1112 

u,  xB=u1[6*uI  -Oyu^  +  3zuJ  =  3zuy  -9yu2 

u y  xB=uJ[6xu1  -Oyu^  +  3zuJ  =3zur  -6xu 2 

2=0  for  all  element 

3  2  11 

F  =  /Jdic(-9juI)^1  +/Jdjy(-6xuP„s  +  I^dx(-9yuz)  r2  +  /Jdy(-63cu,)„1 

113  2 

=  1  (-18  - 18  +  36  +  6)u2  =5  x  6u2  =  30u2  N 


1  15  _r 

28.  (A)  F  =  f  Kx  BdS  =  f  f  6u2  x  -  ^aUx  dy 

aL  o  os  2ny 

_  _  15pn  _  _g  6U  pN /m 

n  1,0.5  J  y  y  ' 

29.  (A)  lm  +  1=Mt  »  Xm  +  1  =  6.5  ,  xm  =5.5 

30.  (A)  B  =  pH  =  p  0p,H 

=  4itx  10-7  x  6.5(10u,.  +  25uv  - 40u2) 

=  82  u*  +  204u:y  -  327u2  pWb/m2 

31.  (C)  M  =  XmH  =  55u2  +  137.5uy  -  220u2  A/m 

32.  (B)  W  =  — H  B  =  -pH2 

2  2 

=  -  x  6.5  x  4 n  x  10"7  (100  +  625  +  1600)  =  9.5  mj/m2 
2 


24.  (B)  Within  the  region  —  1  <y  <1,  the  magnetic  fields 

from  the  two  outer  sheets  (carrying  -4u,  A/m)  cancel, 

leaving  only  the  field  from  the  center  sheet.  Therefore 

H  =  -4ux  A/m  (0  <  y  <  1)  and  H  =  4u_,  A/m  (-1  <  y  <  0). 

Outside  (y  >  1  and  y  <  - 1)  the  fields  from  all  three  sheet 

cancel,  leaving  H  =0  (y  >  1,  y  <  - 1).  So  at  x  =0,  y  =0.5 

—  =/u2  xB  =(7  x  10“3)u2  x  - 4p0u„  =  -352u  nN/m 
m 

25.  (D)  —  =  /u,xMpou,)=0 

m 

i 

26.  (A)  F  =  |  ML  x  B 

0 

=  [  100d2U2  x - ^  <iU/  =0.4u  N/m 

Jn  z  2n(5  x  10  )  * 


27.  (B)  The  field  from  the  current  strip  at  the  filament 
location 


B 


'  6,1  dy=-^Mn 
5  2  ny  n 


=  1.32  x  10  6ux  Wb/m2 
1 

F  =  |  ML  x  B 

0 

1 

=  j"5dzu2  x  1.32  x  10~6uvdz  =  6.6uv  pN /m 
0 


33.  (D)  pr  =  %m  +  1  =  3.1  +  1  =  4.1,  p  =  pcpr  =  4.1p„ 


H 


0.4yu2 


B 


p  4.1  x  4k  x  10 


—  =77.6yu2  kA/m 


34.  (A)  M  =  xmH  =  (3.1X77.6) yu2  =241yu2  kA/m 


35.  (C)  For  case  1,  p  =  —  = :  ^ 


H  1200 


_  p  _  1  1 

Mrl  “p0  ”  600  X  4nx  10-7 

Xm=pr -1  =  1325.3 

M1  =  xmH1  =  1.590  x  106  A/m 

T7  0  B,  1.4 

1  or  case  2,  p  =  — —  = - 

H2  400 


=  1326.3 


1.4 


400  x  4n x  10 


=27852 


Xm  =27842  2784.2 

M2  =  Xm^2  =1-114  x  106  A/m 

AM  =(1.590  - 1.114)  x  106  =  476  kA/m 


36.  (B)  M  =  Nm  =(2.7  x  1029)(2.6  x  10“3°uJ 


=  0.7uy  A/m 

H  _  M  0.7uv 


pr-l  42-1 


=  022uv  A/m 


37.  (A)  M=  — f  — +  1 

ho  Um 
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0.02  (  1 
4n  x  10  7  V0.003 


1  =  47.6  A/m 


38.  (A)  W  =  — H  B  =-\xH 2 
2  2 

=  -(4; tx  10"7)(600)2  =0226  j/m3 
2 


39.  (A)  W  =  J  H.dB  =  Jflf  -  +  2H  )dH 


rr2  o  TT 3 

"  +  "  =  6.2  Mj/m3 

6  3 


1  9 

40.  (A)  J6  =V  x  M=— u2 
a 


41.  (B)  Bj  =200|aou;[  -  600pouy  +  400pou2 
Its  normal  component  at  the  boundary  is 

=(Bj  •  11^3)11^2 

=  (52.8u1.  +  42.24uJ,  +  56.32u2)  pD  =  B2JV 
=>  H2v=— =  6.60^ +528uv  +  7j04uz 

8p0 

H1JV  =^E=26.40u  +  21.12uv  +28.16u, 

in  *  > 

Hir  =  HX  -H1JV  =(100ur  -300u„  +  200u2) 

A26.4U,  +21.12uv  +  28.16u2) 
=  73.6ur  -  321.12uy  +  171.84u2 
Hir  =H2T 

H2  =H2Ar  +  H2r  =  80.2u2  -  315.8uy  +  178.9u2  A/m 


The  normal  component  of'  H,  is 
Hjyi  =(H1  1  Uj^l  )Uw21 

H,  ■  uW2]  =(50ut  -  30uy  +  20u2)-(0.37u2  +  0.56UJ,  -  0.74u2) 

=  18.5-16.8-14.8  =-13.1 

(Hj  ■  uW21)u2V2i  =(-13.1)(0.37ui  +0.56uy  -0.74u2) 

=  -4.83ur  -724uy  +9.66u2  A/m 

Tangential  component  of  Hj  at  the  boundary 
Hn=H1-HJV1 

=  (50ut  -30uy+20u2)-(-4.83u2  -724uy  +  9.66u2) 

=  54.83u2  -22.76uy  +  10.34u2  A/m 
Hj,2  h  ! 

HW2  =  — Hm  =|(-4.83ur  -724u  +  9.66u2) 
hr2  5 

=  -1.93u2  -2.90uv  +  3.86u2  A/m 

H2  =Hr2  +H^2  =(54.83u2  -22.76uy  +  10.34u2) 

+  (-1.93u2  -2.9uv  +  3.86u2) 

=  52.9u>:  -25.66u  v  +  142u2 


42.  (C)  Hm  =  -  3u2  ,  Hri  =10u2  +  15uy 

HJ2  =  Hn  =  10u2  +  15uy 

HM2=^HiV1=i-(-3u2)=0.15u2 
p2  20 

H2  =11^2  +  H T2  =  10u2  +  15uy  -0.15u2 
B2  =p2H2  =20  x4nx  10“7(10ur  +  15uy  -0.15u2) 

=  251ur  +  377uv  -  3.77u2  pWb/m2 

43.  (B)  At  the  boundary  normal  unit  vector 
_  V(2x  +  3y  -  4z)  _2ur  +  3u  v  -4u2 

Un  ~~  lV(2x  +  3y  -  4z)  I  “  V29 

=  0.37ur  +0.56uv  -0.74u2 

Since  this  vector  is  found  through  the  gradient,  it  will 
point  in  the  direction  of  increasing  values  of 
2x  +  3 y  -  4 z,  and  so  will  be  directed  into  region  1.  Thus 
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Statement  for  Q.8-9: 

The  location  of  the  sliding  bar  in  fig.  P8.4.8-9  is 
given  by  x  =  5*  +  4 *3.  The  separation  of  the  two  rails  is 
30  cm.  Let  B  =  x2u2  T. 


Fig.  P8.4.8-9. 

The  voltmeter  reading  at  *  =  0.5  s  is 

(A)  -21.6  V  (B)  21.6  V 

(C)  -6.3  V  (D)  6.3  V 

U  The  voltmeter  reading  at  x=0.6  m  is 

(A)  -1.68  V  (B)  1.68  V 

(C)  -0.933  V  (D)  0.933  V 

Statement  for  Q.  10-11: 

A  perfectly  conducting  filament  containing  a  250Q 
resistor  is  formed  into  a  square  as  shown  in  fig. 
P8. 4.10-11. 

y 


fTil  If  B  =  6  cos  (12071 1  -  30°  Ju,  T,  then  the  value  of  /(*) 
is 

(A)  2.26sin  (12071* -30°)  A 

(B)  2.26cos  (1207rf -30°)  A 

(C)  -2.26 sin  (120ti*  -30°)  A 

(D)  -2.26cos  (1207t* -30°)  A 

EH  If  B=2  cos  tt(c*  -  y)  u2  pT,  where  c  is  the  velocity  of 
light,  then  /(*)  is 

(A)  1.2(cos  net  -  sin  net)  pA 

(B)  1.2(cos  net  -  sin  tic*)  mA 


Statement  for  Q.12-13: 

Consider  the  fig.  P8. 4. 12-13.  The  rails  have  a 
resistance  of  2  Q/m.  The  bar  moves  to  the  right  at  a 
constant  speed  of  9  m/s  in  a  uniform  magnetic  field  of 
0.8  T.  The  bar  is  at  x  =2  m  at  *  =0. 


B  B 


m  If  6  Q  resistor  is  present  across  the  left-end  with  the 
right  end  open-circuited,  then  at  *  =0.5  sec  the  current 
I  is 

(A)  —45  mA  (B)  45  mA 

(C)  -60  mA  (D)60  mA 

sn  If  6  Q  resistor  is  present  across  each  end,  then  7  at 
0.5  sec  is 

(A)  -12.3  mA  (B)  12.3  mA 

(C)  -7.77  mA  (D)  77.7  mA 

Statement  for  Q.14-15: 

The  internal  dimension  of  a  coaxial  capacitor  is 
a  =  1.2  cm,  6  =  4  cm  and  c  =  40  cm.  The  homogeneous 
material  inside  the  capacitor  has  the  parameter 
e  =  10  "  F/m,  p  =  10  5  H/m  and  a  =  10  5  S/m. The  electric 
field  intensity  is  E  =  /Z  cos  (105*)  u(j  V/m. 

m  The  current  density  J  is 

(A)  ?^-sin(105*)  u  A/m2 

P 

(B)  ^^-sin  (105*)  u  A/m2 

P 

(C)  122.cos  (105*)  u  A/m2 

P 

(D)  None  of  the  above 

flil  The  quality  factor  of  the  capacitor  is 
(A)  0.1  (B)  10 

(C)  0.2  (D)  20 


(C)  1.2(sin  net  -  sin  tic*)  pA 

(D)  1.2(sin  net  -  sin  net)  mA 
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ITil  The  following  fields  exist  in  charge  free  regions 
P  =  60  sin  (cot  +  lOx)  uz 
Q  =  “cos (cot  —  2p)  u+ 

R  =  3p2  cotc()up  +  4 cos  <|>u+ 

S  =  /sin  0  sin  (cot  -  6r)  ue 

The  possible  electromagnetic  fields  are 

(A)  P,  Q  (B)  R,  S 

(C)  P,  R  (D)  Q,  S 

EH  A  parallel-plate  capacitor  with  plate  area  of  5  cm2 

and  plate  separation  of  3  mm  has  a  voltage  50  sin  (103t) 
V  applied  to  its  plates.  If  er  =  2,  the  displacement 
current  is 

(A)  148 cos  (1010t)  nA  (B)  261cos  (1010t)  pA 

(C)  261cos  (1010t)  nA  (D)  148cos  (1010 1)  pA 

[0  In  a  coaxial  transmission  line  (er=l),  the  electric 
field  intensity  is  given  by 

E  =^^cos  (109t  -  6z)  u  V/m. 

P 

The  displacement  current  density  is 

(A)  -  sin  (109t  -  6z )  u  A/m2 

P 

(B)  sin  (109t  -  6z)  u  A/m2 
P 

(C)  -  —  sin  (109t  -  6 z)  u  A/m2 

P 

oi  c 

(D)  -  - —  cos  (109t  -  6z)  u  A/m2 

P 

Statement  for  Q.19-21: 

Consider  the  region  defined  by  lxl,lyl  and  lzl<l. 
Let  s  =  5e0,  p  =  4po  ,  and  a  =  0  the  displacement  current 
density  Jrf  =20cos  (1.5  x  108£ -ax)  ur  pA/m2.  Assume 
no  DC  fields  are  present. 

The  electric  field  intensity  E  is 

(A)  6  sin  ( 1.5  x  108 1  -  ax)  u  y  mV/m 

(B)  6  cos  (1.5  x  108£  -  ax)  uT  mV/m 

(C)  3cos  (1.5  x  108£  -  ax)  uy  mV/m 

(D)  3sin  (1.5  x  108t  -  ax)  uy  mV/m 


(B)  -4a  sin  (1.5  x  108t  -  ax)  u2  mA/m 

(C)  4a sin  (1.5  x  108£  -ax)  u2  pA/m 

(D)  4a  sin  (1.5  x  108t  -  ax)  u2  mA/m 

The  value  of  a  is 

(A)  4.3  (B)  2.25 

(C)  5  (D)  6 

Statement  for  Q.22-23: 

Let  H  =2 cos  (1010t  -px)  u2  A/m,  p=3xlO~5H/m, 
£  —  1.2  x  10  10  F/m  and  o=0  everywhere. 

The  electric  flux  density  D  is 

(A)  120  cos  (1010£  -(3x)  nC/m2 

(B)  -120  cos  (1010 1  -  px)  nC/m2 

(C)  120cos  (1010t  +  px)  nC/m2 

(D)  None  of  the  above 

The  magnetic  flux  density  B  is 

(A)  6.67  x  104  cos  (1010t  +  px)  T 

(B)  6.67  x  104  cos  (10lot-px) 

(C)  6  x  10~5cos  (1010t  +  px)  T 

(D)  6x  10'5cos(1010t-px)T 

Statement  for  Q.24-25: 

A  material  has  a  =  0  and  £r  =  1.  The  magnetic  field 
intensity  is  H  =  4cos  (106£  -O.Olz)  uy  A/m. 

^3  The  electric  field  intensity  E  is 

(A)  4.52 sin  (106t -0.0 Iz)  kV/m 

(B)  4.52  sin  (106t  -O.Olz)  V/m 

(C)  4.52  cos  (106£  -  O.Olz)  V/m 

(D)  4.52  cos  (106£  -  O.Olz)  kV/m 

The  value  of  pr  is 
(A)  2  (B)  3 

(C)  4  (D)  16 

^3  The  surface  p  =  3  and  10  mm,  and  z  =0  and  25  cm 

are  perfect  conductors.  The  region  enclosed  by  these 
surface  has  p=2.5xl0~6  H/m,  e  =  4xl0-11  F/m  and 
o  =  0.  If  H  =  4  cos  87izcos  at  u(|.  A/m,  then  the  value  of  ra 
is 

(A)  2tix  106  rad/s  (B)  8itx  106  rad/s 

(C)  2  7i  x  108  rad/s  (D)  8tix  108  rad/s 


^3  The  magnetic  field  intensity  is 
(A)  -4a  sin  (1.5  x  108t  -  ax)  u2  pA/m 
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For  distilled  water  p  =po,  e  =  81e0,  and  a  =  2  x  10  3 
S/m,  the  ratio  of  conduction  current  density  to 
displacement  current  density  at  1  GHz  is 
(A)  1.11  x  10“5  (B)  4.44x10  4 

(C)  2.68  x  10“6  (D)  1.68  x  10“7 

E5I  A  conductor  with  cross-sectional  area  of  10  cm2 

carrier  a  conductor  current  2  sin  ( 10  V)  mA.  If 

o=  2.5  x  106  S/m  and  er=4.6,  the  magnitude  of  the 

displacement  current  density  is 

(A)  48.4  pA/m2  (B)  8.11  nA/m2 

(C)  32.6  nA/m2  (D)  16.4  pA/m2 

In  a  certain  region 

J  =  (Aya.x  +  2xzuy  +  z3 u2)  sin  (104f)  A/m 

If  volume  charge  density  p,  in  2  -  0  plane  is  zero, 
then  p„  is 

(A)  322cos(104t)  mC/m3 

(B)  0.322cos  (104f)  mC/m3 

(C)  -3z2  cos  (104t)  mC/m3 

(D)  -0.3z2  cos  (104f)  mC/m3 

RTil  In  a  charge-free  region  (ct=0,  e  =  80er,  p=pD) 
magnetic  field  intensity  is  H  =  10  cos  (10n£  -  4y)  u2 
A/m.  The  displacement  current  density  is 

(A)  -40  sin  (109f  -  4y)  u  v  A/m 

(B)  40  sin  (109f  -  4y)  u^,  A/m 

(C)  -40  sin(103t  -  Ay)  u,  A/m 

(D)  40  sin  (109f  -  4y)  u2  A/m 

In  a  nonmagnetic  medium  (er  =6.25)  the  magnetic 
field  of  an  EM  wave  is  H  =  6cos  px  cos  (10s t)  u2  A/m. 
The  corresponding  electric  field  is 

(A)  903sin(0.83x)  sin(108t)  V/m 

(B)  903sin  (1 2x)  sin  (10s i)  V/m 

(C)  903  sin  (0.83x)  cos  (10s  t)  V/m 

(D)  903  sin  (12  x)  cos  (10s  t)  V/m 

In  a  nonmagnetic  medium 
E  =  5cos(109f  -  8x)  ur  +  4sin(109£  -  8x)  u2  V/m. 

The  dielectric  constant  of  the  medium  is 
(A)  3.39  (B)  1.84 

(C)  5.76  (D)  2.4 


SOLUTIONS 

1.  (B)  emf  =-  —  =-  —  fB-dS 

dt  dt J 

=  2 7r(0.2)2(20)(377)  sin  377 1  mV  =0.95  cos  377 1  V 

2.  (A)  emf  =  -R  (0L2  =  -(4)(2)(2)2  =16  V 

2  2 


3.  (C)  Since  B  is  constant  over  the  loop  area,  the  flux  is 
®  =  rt(0.1)2B  =0.31  cos  (120? it) 


emf  =  Vba(t)  = 


dt 


=  0.3 1(  120 k)  sin  ( 120 nt)  =  1 18.43 sin(  120  j it) 
Vab  =-118.43  sin  (120  itf) 


4.  (D)  I  = 

R 


118.43  sin  (120jt£) 
250 


=  0.47  sin  (1207 it) 


5.  (A)  emf  = 


G?d> 

dt 


dt 


JJB 

loop  area 


=  —(3X4X6)  cos  5000£  =  -360000  sin  5000 1 
dt 


emf 

~R 


360000  sin  5000£ 
900 x 103 


=  -0.4  sin  5000£  A 


1 1 

6.  (C)  O  =  J  J  20po  cos  (3  x  108t  -  y)  dx  dy 

0  0 


=  [20po  sin  (3x  108£  -y)]„ 

=  20  pjsin  (3x  10s t  - 1)  -  sin  (3x  10s £)]  Wb 


Emf  =- 


cZ<D 

dt 


=  -  20  x(4ti  x10~7)(3  xlO8)  x  [cos  (3  x  108£  -1)  -  cos  (3  x  108i)l 
=  7540[cos  (3  x  10s  f)  -  cos  (3  x  108£  - 1)]  V 


7.  (D)  In  this  case  <t  =  [20po(27t)sin  (3  x  108£  -  y)]„“  =0 


0.3  a: 

8.  (A)  0>=  J|B-dS=  J  J x2dxdy 

area  0  0 

=  0.1x3  =  0.1(5£  +  4£3)3  Wb 

emf  =  -  —  =  -0.1(3)(5f  +  4£3)2(5  +  12  t2) 
dt 

At  t  =0.5  s,  emf  = -01(3X2.5  +  0.5)2(5  +  3)  =-21.6  V 

9.  (C)  At  x  =0.6  m,  0.6  =5f  +  4  f3  =>  t  =0.119  s 


At  t  =0.119  s,  emf  =-0.933  V 
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10.  (A)  O  =  JJb  ■  dS  =  6(0.5)2  cos  (120 nt  -  30°)  Wb 

area 

emf  =  -  —  =  6(0.5)2(120ji)  sin  (120ti*  -  30°) 
dt 

m,  ,  ■  emf  6(0.5)2(  120  tc)  .  ,  . 

The  current  is - = - sin  (120  izt  —  30  )  A 

R  250 

=  226sin(1207d-30°)  A 


u.o 

11.  (D)  0=  JjB  dS  =  (0.5)(2)  |  cos(7ty  -  net)  dy 


sin  net  —  -  sin  net 

l  2 

dO 


=  —  [-  cos  net  -  sin  net ]  p  Wb 
n 


emf  = - =  c  [cos  net  -  sin  net]  p  V 

dt 

I(t)  =  <3i11£=  ^  x  [cos  net  -  sin  net]  pA 
R  250 

=  12[cos  net  -  sin  net]  A 


12.  (A)  The  flux  in  the  left-hand  closed  loop  is 
0,=fix  area  =  (0.8)(0.2)(2  +  9 t) 


emf,  =- 


d<l>L 

dt 


—  (0.16X9)  =-1.44  V 


While  the  bar  in  motion,  the  loop  resistance  is 
increasing  with  time, 

R,  =  6+2[2(2+9*)]Q,  At  t=  0.5,  R,  =  32  Q 
144 

I,  =-  —  =-45  mA 
1  32 

EE1  (C)  In  this  case,  there  will  be  contribution  to  the 
current  from  the  right  loop,  which  is  now  closed.  The 
flux  in  the  right  loop,  whose  area  decreases  with  time, 
is  Or  =(0.8)(02)(16  -2  -9 1) 

emf„  =  -  C^R  =  1.44  V 
*  dt 

,Rr=  6 +2(2(14-9*)),  At  0.5  s,  Rr  =  44 Q 
The  contribution  to  the  current  from  the  right  loop 
-144 

I  =— T— r  =032.7  mA 
r  44 

The  total  current  =  -32.7  -  45  =  -77.7  mA 


14.  (C)  J  =  ct  E  =  —  cos  (105*)  u  A/m2 


15.  (A)  Total  conduction  current 

7C  =  JJ  J  •  dS  =27ipA7=27tpZ  cos  (105t)  up  A/m2 

=  807t cos  (105Z)  A 

J 


Id  =  2nplJd  =-2iiZ(10)sin  (105*)  =  -  87isin  (105Z)  A 
1 1  I  o 

Quality  factor  -  —  =0.1 
/,  80 


dP 

16.  (A)VP=0,  V  x  P  =  -  — ^  u  +  0 

dx 

P  is  a  possible  EM  field 

V-Q=0,  V  x  Q  =  —  —  [10  cos  (to*  -2p)]uz  ^  0 
P  dp 


*  0,  R  is  not  an  EM  field. 


SD  0eE  10  .  /lri 5,.  ./  2 

- = - = - sin  (10  Z)  A/m2 

dt  dt  p 


Q  is  a  possible  EM  field 

...  15.-2  .  . .  sin  (b 

V  ■  R  = - (3p  cot  4>) - 

P  dp  p 

v7  a  1  •  i  .  r.  ,  0(sin2  4>) 

V  ■  S  =  — - - sin  (raZ  -  6r) - —  *  0 

r  sin  0  dr 

S  is  not  an  EM  field.  Hence  (A)  is  correct. 


^  _  .  .  ,  „  „  V  j  dD  e  dV 

17.  (A)  D  =eE=e—  =>  J,  = - = - 

d  dt  d  dt 

I  =J -S=  —  —  =  2e°5  x  10  4  io3  x  50  cos  (103*) 
d  d  dt  3x10  3 

=  148  cos  (1010Z)  nA 


18.  (C) 

Jd  =  ^-  =  g—  =  g  [-sin  (109Z  -  6 z)]  109  u  A/m2 
dt  dt  p  p 

=  -  —  sin  (109Z  -  6 z)  u  A/m2 
P 


19.  (D)  D  =  [  J  At  +  a  =  20  X  10  *  sin  (1.5  x  108  -ax)u, 

J  1.5  x  108  > 

=  1.33  x  10~13sin  (1.5  x  108Z  -  ax)  uv  C/m3 

C1  is  set  to  zero  since  no  DC  fields  are  present. 

„  D  133x10"“  .  .  —s  , 

E  =  —  = - sin  (1.5  x  10  -  ax)  u 

£  5e0 

=  3  x  10~3  sin  (1.5  x  108Z  -  ax)  V/m 


dEv 

20.  (D)  V  x  E  = — y-u=-  — 

dx  dt 

=  -a( 3  x  10"3)  cos  (1.5  x  10s*  -  ax)  u  =-  — 

dt 

B  =  a^  x  ^  J  sin  (1.5  x  108Z  -  ax)  u. 

1.5  x  108 

„  B  2  x  10~n  .  ...  _  ino  , 

H  =—  = - -sin  (1.5  x  10  *  -  ax)  u„  A/m 

p  4  x  47t  x  10“7 

=  4  x  10~6a  sin  (1.5  x  108Z  -  ax)  u.  mA/m 


21.  (B)VxH=-^uy=Jd 
dx 
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=  a2( 4  x  10  6)  cos  (1.5  x  108t  -ax)  =JD 

Comparing  the  result 

a24  x  10-6  =20  x  10~6,  a=y/5=225 


22.(B)VxH=^u  =  — 

dx  y  dt 

=2psin  (1010t  -(3x)  u 

dt  y 


D 


_2P. 

1010 


cos  (10lo£  -  fix)  uv  C/m2 


fi  =  —  =  1010V^  =  lO^VSxlO^xl^xlO^10  =  600 

V 

D  =  -120 cos  (10lo£  -px)  uv  nC/m2 

23.  (D)  B  =  pH  =  6  x  10“5cos  (1010£  -px)  uz  T 

dH 

24.  (A)  V  xH= - —  u 

dz 

=>  V  x  H  =0.04 cos  (106£  -O.Olz)  u  =  — 


dt 


E  = 


0.04 sin  (106£  -O.Olz)  u 

106e„ 


=  4.52  sin  (10‘X  -O.Olz)  u  kV/m 


25.  (B)  V  xE=^u =  -p  — 
dz  y  dt 

-0.04(0.01)  n_6.  .  dU 

— - cos  (10  £-0.01z)uy=-prpo  — 

„  0.04(0.01)  .  _.1Q. 

H=  — - - - - sin  (10  t  -0.013)  u 

(106)(106)prpoeo 

0.04(0.01)  ,  _  (0.04X0.01)  in8,2  n 

=  4  =>  pr  = — pj; - X  (3  x  10  )  =9 


10  prp0e0 


4(10  ) 


26.  (D)  VxH=-^u 
dz  p 

1671  .  (Q  .  ,  v  dE 

= - sin  (8 ttz)  cos  {cot)  u  =  s  — 

p  p  dt 

E  =  sin  (871 z)  sin  (co t)  u 

psco 

Y7  dEP  (167U)(87C)  (Q  \  •  f  *\ 

V  x  E  =  — -^u*  = - cos  (8tt£)  sin  {cot)  u(()  = 


dz 


peco 


dt 


„  128ti2 

H  = - —  cos  (otvz) cos  (©*)  u, 

pear 


This  result  must  be  equal  to  the  given  H  field.  Thus 


128ti2  2 


cq  = 


8tt 


8  TC 


PSPCD  p 

=  871  x  108  rad/s 


V4  x  1<r11  x  25  x  10 


27.(B)  At  high  frequency  —  =  — =  — 


J  d  (oeE  rae 


2  x  10 


2n  x  10  x  81  x  e„ 


=  4.44  x  10 


28.  (C)  J  =  —  =  aE  => 

c  S  aS 


=>  =  e 


=>  J.,= 


BE  _  e  dlc 
dt  aS  dt 
4.6e„(109) 


2.5  x  106  x  10  x  10"4 
\Jd\  =  32.6  nA/m2 


2  cos  (109£)  10 


8p 


29.  (B)  V  •  J  =(0  +  0  +  3z  )  sin  (104£)  =-^~ 

dt 

3z2cos(104£)  „ 

p.= - J5I - +  c, 

At  z=  0,  p„  =0,  C1  =0 
p„  =  0.3z2  cos  (104£)  mC/m3 

30.  (D)  Jd  =VxH=^Uj 

dy 

=  40  sin  (109£  -  4 y)  u y  A/m 

31.  (A)  VxH=-^,=£® 

dy  dt 

=  6psin  (px)  cos  (108£)  uy 
E  =-  f  6psin  (px)cos  (108t)  uv  dt 

-  ^  sin  (Px)  sin  (108t)  uv 


elO 

e=  625e„  ,  p  =  —  =  — Je7  =  — — — -  V625  =0.833 
v  c  ^  3  x  10s 

E  = - -sin  (Px)  sin  (10  t)  u„  V/m 

6.25ec  x  108  y 

=  903sin  (0.83x)  sin  (108£)  V/m 

32.  (C)  For  nonmagnetic  medium  pr  =1 
£  =  -=-&,  co  =  109,  p  =  8, 


8=  — xlO  8JZ  =>  e  =5.76 
3  V 
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ELECTROMAGNETIC  WAVE  PROPAGATION 


Statement  for  Q.l-3: 

A  y-polarized  uniform  plane  wave  with  a  frequency 
of  100  MHz  propagates  in  air  in  the  +x  direction  and 
impinges  normally  on  a  perfectly  conducting  plane  at 
x  =0.  The  amplitude  of  incident  E-field  is  6  mV/m. 

3  The  phasor  Hs  of  the  incident  wave  in  air  is 

,2tc  ,2n 

(A)  16e  u2  pA/m  (B)  -16e  ' 3  u2  pA/m 


(C)  16e  3 * *  Uj  pA/m 


_  2n 

(D)  -16e  1 3  ur  p  A/m 


The  E-field  of  total  wave  in  air  is 

(A)  j'12  sin  x  j  Uj  mV/m 

(B)  -jT2  sin  f  —  xl  u  mV/m 


(C)  12  cos  |  ‘-^x  |  u  v  mV/m 

(D)  -12  cos  f  —  x  I  u  mV/m 


The  location  in  air  nearest  to  the  conducting  plane, 
where  total  E-field  is  zero,  is 
(A)  x  =  1.5  m  (B)  x  =  -1.5  m 

(C)x  =  3m  (D)x=-3m 

'  (  The  phasor  magnetic  field  intensity  for  a  400  MHz 
uniform  plane  wave  propagating  in  a  certain  lossless 
material  is  (6uv  -  j5uz)e~jl8x  A/m  .  The  phase  velocity 


(A)  6.43  x  106  m/s 
(C)  1.4  x  108  m/s 

Statement  for  Q.5-6: 


(B)  22  x  107  m/s 
(D)  None  of  the  above 


A  uniform  plane  wave  in  free  space  has  electric 
field  Es  =(2u,  +  3u  y)e"-,|te  V/m. 

The  magnetic  field  phasor  Hs  is 

(A)  (-5.3uv  -8uz)e“-/|iI  mA/m 

(B)  (5.3uv  -  8u>-**  mA/m 

(C)  (-5.3uv  +  8u2)e‘-,fl1  mA/m 

(D)  (5.3uv  +  8uz)e‘-,pi  mA/m 

The  average  power  density  in  the  wave  is 
(A)  34  mW/m* 2  (B)  17  mW/m2 

(C)  22  mW/m2  (D)  44  mW/m2 

J  The  electric  field  of  a  uniform  plane  wave  in  free 
space  is  given  byE,  =  12ti(u  v  +  ju2)e~jl5x.  The  magnetic 
field  phasor  Hs  is 

(A)  f  (-u,  +  juy)e~fl5x  (B)  fo (u,  +  jny)e~Jl5x 

(C)  f  (-u,  -  juy)e~J15x  (D)  ^(u2  -  juy)e~J15x 

Statement  for  Q.8-9: 

A  lossy  material  has  p=5p0,  8=2e0.  The  phase 
constant  is  10  rad/m  at  5  MHz. 


3  The  loss  tangent  is 
(A)  2913 


(C)  2468 
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X;!  The  attenuation  constant  a  is 

(A)  4.43  (B)  9.99 

(C)  5.57  (D)  None  of  the  above 

Statement  for  Q.10-11: 

At  50  MHz  a  lossy  dielectric  material  is 
characterized  by  |a  =2.1(j.0,  e  =  3.6sc  and  a  =  0.08  S/m. 
The  electric  field  is  Es  =  6e  J“u2  V/m. 

fBl  The  propagation  constant  y  is 

(A)  7.43  +  j'2.46  per  meter 

(B)  2.46  +  j'7.43  per  meter 

(C)  6.13  +  j'5.41  per  meter 

(D)  5.41  +  j'6.13  per  meter 

EH  The  impedance  q  is 

(A)  101.4  Q  (B)  167.4  Q 

(C)  98.3  Q  (D)  67.3  Q 

Statement  for  Q.12-13: 

A  non  magnetic  medium  has  an  intrinsic 
impedance  360Z30°Q. 

m  The  loss  tangent  is 

(A)  0.866  (B)  0.5 

(C)  1.732  (D)  0.577 

^  The  Dielectric  constant  is 

(A)  1.634  (B)  1.234 

(C)  0.936  (D)  0.548 

Statement  for  Q.14-15: 

The  amplitude  of  a  wave  traveling  through  a  lossy 
nonmagnetic  medium  reduces  by  18%  every  meter.  The 
wave  operates  at  10  MHz  and  the  electric  field  leads  the 
magnetic  field  by  24°. 

EES  The  propagation  constant  is 

(A)  0.198  +  j'0.448  per  meter 

(B)  0.346  +  j'0.713  per  meter 

(C)  0.448  +  j'0.198  per  meter 

(D)  0.713  +  j'0.346  per  meter 

nil  The  skin  depth  is 
(A)  2.52  m  (B)  5.05  m 

(C)  8.46  m  (D)  4.23  m 
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nil  A  60  m  long  aluminium  (cj  =  3.5  x  107  S/m, 

pr  =  1,  e2  =  1)  pipe  with  inner  and  outer  radii  9  mm  and 

12  mm  carries  a  total  current  of  16sin(1067d)  A.  The 

effective  resistance  of  the  pipe  is 

(A)  0.19  Q  (B)  3.48  Q 

(C)  1.46  Q  (D)  2.43  Q 

EH  Silver  plated  brass  wave  guide  is  operating  at  12 
GHz.  If  at  least  the  thickness  of  silver  (a  =  6.1  x  107  S/m, 
pr  =  er  =1)  is  58,  the  minimum  thickness  required  for 
wave-guide  is 

(A)  6.41  pm  (B)  3.86  pm 

(C)  5.21  pm  (D)  2.94  pm 

Statement  for  Q.18-19: 

A  uniform  plane  wave  in  a  lossy  nonmagnetic 
media  has 

Es  =(5u„  +  12uy)e“T2,  y  =0.2  +  j3.4  m"1 

nil  The  magnitude  of  the  wave  at  z  =  4  m  and  t  =  T/ 8 
is 

(A)  10.34  (B)  5.66 

(C)  4.36  (D)  12.60 

The  loss  suffered  by  the  wave  in  the  interval 
0  <  z  <  3  m  is 

(A)  4.12  dB  (B)  8.24  dB 

(C)  10.42  dB  (D)  5.21  dB 

Statement  for  Q.20-22 : 

The  plane  wave  E  =  42  cos  (cot  -z)  ur  V/m  in  air 
normally  hits  a  lossless  medium  (pr  =1,  sr  =  4)  at  z  =0. 

Sjj  The  SWRs  is 

(A)  2  (B)  1 

(C)  —  (D)  None  of  the  above 

2 


The  transmission  coefficient  t  is 


4 

(B)  ^ 

3 

3 

(C)  1 

(D)  3 

3 

^3  The  reflected  electric  field  is 

(A)  -14 cos  (rat  -z)  ux  V/m 

(B)  -14  cos  ((o t  +  z )  u,  V/m 
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Bill  The  region  z  <0  is  characterized  by  er  =  pr  =1  and 

a=0.  The  total  electric  field  here  is  given 

Es  =150e~jWz  ux  +  50Z20°ejlOz  ux  V/m.  The  intrinsic 

impedance  of  the  region  z  >  0  is 

(A)  692  +  y  176  Q  (B)  193  -  j'49  Q 

(C)  176  +  y  692  Q  (D)  49  -  y'193  Q 

Statement  for  Q.34-35: 

Region  1,  z  <0  and  region  2,  z  >  0,  are  both  perfect 
dielectrics.  A  uniform  plane  wave  traveling  in  the  uz 
direction  has  a  frequency  of  3  x  1010  rad/s.  Its 
wavelength  in  the  two  region  are  \  =  5  cm  and  X2  =  3 


Region  2  (0  <z  <  6  cm):  p2  =2  pH/m,  e2  =25  pF/m 
Region  3  (z  >  6  cm):  p3  =  4  pH/m,  e3  =  10  pF/m 

Bm  The  lowest  frequency,  at  which  a  uniform  plane 

wave  incident  from  region  1  onto  the  boundary  at  z  =  0 

will  have  no  reflection,  is 

(A)  2.96  GHz  (B)  4.38  GHz 

(C)  1.18  GHz  (D)  590  MHz 

If  frequency  is  50  MHz,  the  SWR  in  region  1  is 
(A)  0.64  (B)  1.27 

(C)  2.38  (D)  4.16 


cm. 


^3  On  the  boundary  the  reflected  energy  is 

(A)  6.25% 

(B)  12.5% 

(C)  25% 

(D)  50% 

13  The  SWR  is 

(A)  1.67 

(B)  0.6 

(C)  2 

(D)  1.16 

B7!l  A  uniform  plane  wave 

is  incident  from  region  1 

(pr  =  1,  a  =0)  to  free  space.  If  the  amplitude  of  incident 

wave  is  one-half  that  of  reflected  wave  in  region,  then 

the  value  of  cr  is 

(A)  4  (B)  3 

(C)  16  (D)  9 


A  uniform  plane  wave  in  air  is  normally  incident 
onto  a  lossless  dielectric  plate  of  thickness  A./8  ,  and  of 
intrinsic  impedance  q  =260  Q.  The  SWR  in  front  of  the 
plate  is 

(A)  1.12  (B)  1.34 

(C)  1.70  (D)  1.93 


££2  The  E-field  of  a  uniform  plane  wave  propagating  in 
a  dielectric  medium  is  given  by 


E  =2  cos  108t  - 


V3 


u ,  -  sin  108 1  - 


Vs) 


u  V/m 


The  dielectric  constant  of  medium  is 
(A)  3  (B)  9 

(C)  6  (D)  V6 


B71 A  150  MHz  uniform  plane  wave  is  normally  incident 
from  air  onto  a  material.  Measurements  yield  a  SWR  of 
3  and  the  appearance  of  an  electric  field  minimum  at 
0.3^  in  front  of  the  interface.  The  impedance  of  material 
is 

(A)  502  -  j 641 Q  (B)  641  -  y'502  Q 

(C)  641  +  y'502  Q  (D)  502  +  y'641Q 


|jg|  An  electromagnetic  wave  from  an  under  water 
source  with  perpendicular  polarization  is  incident  on  a 
water-air  interface  at  angle  20°  with  normal  to  surface. 
For  water  assume  er  =  81,  pr  =  1.  The  critical  angle  0C  is 
(A)  83.62°  (B)  6.38° 

(C)  42.6°  (D)  None  of  the  above 


BTH  A  plane  wave  is  normally  incident  from  air  onto  a 
semi-infinite  slab  of  perfect  dielectric  (•<:,.  =  3.45).  The 
fraction  of  transmitted  power  is 
(A)  0.91  (B)  0.3 

(C)  0.7  (D)  0.49 


Statement  for  Q.39-40: 

Consider  three  lossless  region  : 

Region  1  (z  <  0):  px  =  4  pH/m,  e1  =  10  pF /m 
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SOLUTIONS 

1.  (A)  co  =  2jtx  10s  rad/s 

co  2  7i  x  108  2  71  , , 

P  =  —  =  - s-  =  —  rad/m 

c  3  x  10  3 

_  ,2n 

Es  =  6e  1 3  uy  mV/m 
u„  x  u, 


8.  (B)  Loss  tangent  —  =  x 
coe 


P  =  ® 


1  +  1^- 


coe 


2ti  x  5  x  10  5x2 


3  x  10s 


10— - 7 - — S - *1 7 j^-Jl  +  X2  +  lj 


*e  ~  “a 

6 


,2n  .2  k 

H  = — - — e'3  u2  =16e  ’ 3  uz  pA/m 


120ti 

2.  (B)  For  conducting  plane  r  =-l, 

.2ji 

E;.  =  -6e  3  u  mV/m, 


E  =  E,  +E.  = 


{  _  .2n  _.2k  \ 

6e  1 3  uy  -  6e  1 3  u 


mV/m 


x  =  —  =  1823 
coe 


a  Jj  1  +  x2_  - 1 

9.  (B)  -  =  y 

P  1  +  x2  +  1 

a  _  V1822 
P  ~ V1824 
a  =  10  x  0.999  =  9.99 


V 

J 

1  /  \2 

(y  x  j  u  mV/m 

10.  (D)  a  =  co^ 

(as 

¥ 

M-) _1 

3.  (B)  The  electric  field  vanish  at  the  surface  of  the 

conducting  plane  at  x  =0.  In  air  the  first  null  occur  at 

L  7t  3 

x  = —  = - =  —  m 

2  p,  2 


co  27t  x  400  x  106  8  , 

4.  (C)  v„  =  —  =  - =  1.4  x  10  m/s 

p  p  18  ' 


5.  (C)  The  wave  is  propagating  in  forward  x  direction. 


H  =  - 


uE  X  UH=UX. 

U2  , 

U2x  UH  =ut 

=> 

ss 

tq 

II 

1 

c 

Uv  . 

U,  X  U„  =u2 

=> 

u„  =u 

(-2u, 

+  3u2)e-*=(- 

5.3u 

y  +  8u2)e“#x  mA/m 

120ti 


6.  (B)  Vavg  =  ~Re  )ES  x  H/ 


—  1(5.3)11,.  +  3(8)ur}  x  10  3  =  17.3ut  mW/m2 


=  8 


_c_  _  0.08 

coe  3.6  x  50  x  106  x  27ieD 

n^TCxSOx  lO6  ^ 

3x  10  V  2 


r 

1 

\  2 

pe 

,  1  + 

—  +1 

2 

.roe/ 

2ti  x  50 

X  106 

l(2.1)(3.6) 

3  x  10  V  2 

y  =  a  +  j'P  =  5.41  +  j'6.13  per  meter. 

J-  1207t, 
11.  (A)  W  = - 1® 


1 

2^ 


1 

641 


=  101.4 


12.  (C)  —  =  tan  20n  =  tan  60°  =  1.732 
coe 


7.  (D)  Since  Pointing  vector  is  in  the  positive  x 
direction,  therefore  u£  x  uH  =  u„  . 


For 

,  UyxuH=Ux 

=>  “a="2 

For 

UE  =  W  , 

uzxuH=ux 

=>  ua  =  — u.v 

Hs  = 

—  (U2-J'uv)  e~jl5x 
ho 

13.  (D) 


120ti 


=>  360  = 


(1  +  1.7322)4 


er  =0.548 
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14.  (A)  |E|  =  E aem 
Eae~al  =(1  -0.18)Eo 
e~al  =0.82  = 


0„  =24° 


>  a  =  In - =0.198 

0.82 

tan  2 0n  =—  =  1.111 
(08 


ousjm-i  ^  p,0448 

P  VV234  + 1 

Y  =  a  +  j[3  =0.198  +  y'0.448 


15.  (B)  6  =  -  =  =  5.05 


a  0.198 


16.  (A)  ro=7tl06 

1 


5  = 


f  =5  x  105  Hz, 

1 


yjrfcp  x  5  x  105  x  3.5  x  107  x 
l 


- 120  pm 


^flC  r. 

adw 

Since  5  is  very  small,  w  =2np0 
=  60 


3.5  x  107  x  120  x  10~6  x  2tt  x  12  x  10“3 
5 


=  0.19  0 


17.  (D)  t  =  58  = 


Jnfpa 


=  2.94  pm 


-y/jt  x  12  x  109  x  po  x  6.1  x  10 ' 


18.  (B)  E  =Re(EeJ1,,|  =  (5u  +  12uv)tT0'22  cos  (00 1  -  3Az) 


At  2  =  4  m,  t  = : 


E  =(5u,  +  12u  )e~os cos  -  - 13.6 
y  14 


IEI  =  13e“0B  cos  |  - 13.6  1  =  5.66 


19.  (D)  Loss  =  aA z  =  02  x  3  =  0.6 Np 
INp  =  8.686  DB,  0.6Ap=5.21  dB. 


20.  (A)  %=ti0  ,  r|2  =r\0  —  =  ^ 
Vs.  2 


do 

r_d2  zJk  -  _2_ 

02  +  ’ll  ^ 


"do 


+  do 


1  + 


3 < 


1  +  T 


1_lrl  l-1 


21.  (A)  x  = 


2r|2 


,do 


d2  +  di  dir  +  2  3 


22.  (A)  Eor  =  TEoi  =  -  —  (42)  =  -14 
Er  =  -  14  cos  (cot  -  z)  V/m 


23.  (C)  0,  =0O  ,  02  =  J—  =  —  =  “ 

er  2 


0o 


r  = 


02  -01 


02+0H  Hr 


+  do 


24.  (D)  0!  =0O  ,  02  =0o  —  =  0„J-prp 
V  8r  V  12.5 

Eor  __Y  =  02  -01 


Eoi  02  +  01 

But  Eor  =0,  Hor  =  TEa 

0i  Hor  =  (V^!lV 

1.02  +  0lj 


01  =0o 


0o 


V02  +0o  J 


01 

3000 


02  0i  !8 

v  02  +0i  J  6x  10  3 


377  _  02  -377 
3000  ”  02  +  377 


>  02  =  485.37  =0O 
er  =  12.5,  pr  =20.75 


25.  (A)  0!  —  0O  ,  02  =do  J— =  IT 

V  £r  2 

p  _d2  -01  _  1 

02  +01  3 

E'=-l(10)=-f 


H„  = 


10 


E  „ 


0O  3x377 


=  8.8x  10" 


‘■e  ~  “a  —  “a  > 


=>  U„=-U. 


Hr  =  -8.8  cos  (cot  -  z)  u4  mA/m 

co  CO  / - 

P  =  l=-=-  Vl-lr£r 

V  c 
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3  x  10  AK  ln8  .. 
o)  —  ,  =  =0.5  x  10  rad/s. 


V 12  X  3 


26.  (D)  %  =r|0  ,  r\2  =ti„ 


Pr  =  4o_ 

|er  V3 

P  _  02  ~  4i  _  0-58r|o  ~  Ho  _  _0  266 
0.58rio  +  r|0 

x  =  l  +  r  =0.734,  Eol=xEoi=7.34 
E,  =7.34  cos  (cot  -z)  u  V/m 


=  0.58iio 


27.  (B)  ETotal  =  E,  +  Er  ,  Eor  =  TEoi  =-2.66 
ETotal  =  lOcos  (cot  -z)  uy  -2.66cos  (cot  +  z)  u?  V/m 

28.  (B)  pQ  =Hj  =  p2 

sin  0  .  =  —  sin  0,  =>  sin  0  ,  =  —  sin  45°  =0.333 

\  e1  V  4.5 

=>  0(1  =19.47° 


29.  (B)  sin  0.2  =  3-  sin  0tl=  33  (0.333)  =0.47 
]j  e2  V  2-25 

=>  0„  =  sin"1 0.47  =28° 


30.  (A)  Since  both  media  are  non  magnetic 


But  cos  0f  =—  cos  0B  =  cos  58.2°  =  V213  cos  58.2° 

4-2  4q 

V2!6 

=>  0,  =31.8° 


31.  (A)  %  =ri„  ,  42  =40 J—  =  %  =0.447r|o 
v  V5 

r  =  42  -4i  =-o,38;  T  =  l  +  r=0.62 
42  +  4i 

Et  =  \Ei  =  92.7  cos  (cot  -  83/)  u2  V/m 


32.  (B)  |rf=02,  T  =  +  0.447 


r  = 


Pr2  _  1  +  0-447  _ 
Hrl  1  +  0.447 


0.382,  2.62 


Pr2 

Prl 


=  0.056,  17.9 


33. (A)  r  =  3+ 

E, 


50Z200  _  ej20 
150  3 


r  =  42  ~4i 
02  +4l’ 


0i  =0U  . 


02  =4, 


1  +  r 
l-r 


r 

1  + 


=  377 


1- 

V 


e/210 

3 

ej20 
3  2 


=  692  +  jl 76 Q 


_  3 - 5  _  /L 

1,2  "T  3  +  5  4 


The  fraction  of  the  incident  energy  that  is  reflected  is 

r2  =  3  =  6.25%. 

16 


35.  (A)  s  = 


i  +  |r 

i-|r| 


5 

3 


36.  (D)  r|2  =ri0  ,  rjj  =r|o 


|3|  _1  _02  -0! 

Er\  2  02  +  0X 


=  9 


37.  (C)  At  minimum  3/1/71-*  =  0.3A.  , 


2p 


P  =  - 

X 


T  = 


s  - 1 


4>  =  0.2tc 

3-11 

3+12 


r  =0.5e 


s  +  1 

j0.2n  _  02  _0o 


02  =0o 


02  +0o 

1  +  0.5ejo'2n 
1  -0.5eJ°'2” 


=  641  +  j 502  Q 
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er  V3I5 


38.  (A)  rji  =ri0  .  rl2  =Tlo 

-n 

r  =  h2  -  Til  =  V3A5  °  =  _Q  3 


Tic 


112+%  Ho 


VT45 


Tic 


The  transmitted  fraction  is  1-  T  =1-0.09  =0.91. 


3  x  10s  _  IQ8 


=  3. 


43.  (B)  0C  =sin  1 


39.  (C)  This  frequency  gives  the  condition  p 2d  =  n 
Where  d  =  6  cm,  P2  =  ( 


f  = 


,89  —  " 


0.06 


2  x  0.06V2  x  10"6  x  25  x  10- 


=  1.18  GHz 


40.  (B)  At  50  MHz, 


P2  =2tix50x  ^^x  10  6  x25x  10  12  =2.2 

P2g?  =2.22(0.06)  =0.133 


hi 


4  x  10" 


10  11 

q3  =  632  O 

p,  I  2  x 10 


=  632  0 


25  x  10" 


=  283  0 


The  input  impedance  at  the  first  interface  is 

^q3  +  >q2  tan  (p2c£)  _2gg[  632  +  >283(0.134) 
vq2  +  yq3tan(p2d)  J  "1,283  +  >632(0.134) 


hm  =  h2 


r  = 


s  =  - 


590 ->138 

h,„  ~hi  _  590  ->138  -632 
hm  +  hi  590  -  >138  +  632 

1  +  |r|  _  1  +  0.12 
i-|r|  ~  1-0.12 


=  0.12Z  -100.5° 


=  1.27 


41.  (C)  pd  =-•-  =  -,  tan  -  =  1 
X  8  4  4 

h2  =260,  %  =q3  =qo 

=  f  h3  + Jh2tan(p2cQl  26Q["  377  +  >2601 

2  U2  +  Jhs  tan  (p2d) 

=  243- >92  O 


7  - 

1,260  +  >377  J 


r  = 


%„  —  ht,  _  243 ->92  -377 
%„+%  243 ->92  + 377 

1  +  |F|  126  =1.70 


=  0.26Z  - 137° 


1-T 


0.74 


42.  (A)  o)  =  108  rad/s,  p  = 


V3 


rad/m, 


a> 

P 


6.38° 
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Statement  for  Q.l-3: 

A  2  cm  by  3  cm  rectangular  waveguide  is  filled 
with  a  dielectric  material  with  er  =  6.  The  waveguide  is 
operating  at  20  GHz  with  TMn  mode. 


3!  The  cutoff  frequency  is 


(A)  3.68  GHz 

(B)  22.09  GHz 

(C)  9.02  GHz 

(D)  16.04  GHz 

3  The  phase  constant  is 

(A)  816  rad/m 

(B)  412  rad/m 

(C)  1009  rad/m 

(D)  168  rad/m 

|  The  phase  velocity  is 

(A)  1.24  x  10s  m/s 

(B)  1.54  x  106  m/s 

(C)  3.05  x  108  m/s 

(D)  7.48  x  108  m/s 

In  an  an-filled  rectangular  wave  guide,  the  cutoff 
frequency  of  a  TE10  mode  is  5  GHz  where  as  that  of  TE01 
mode  is  12  GHz.  The  dimensions  of  the  guide  is 
(A)  3  cm  by  1.25  cm  (B)  1.25  cm  by  3  cm 

(C)  6  cm  by  2.5  cm  (D)  2.5  cm  by  6  cm 

3  Consider  a  150  m  long  air-filled  hollow  rectangular 
waveguide  with  cutoff  frequency  6.5  GHz.  If  a  short 
pulse  of  7.2  GHz  is  introduced  into  the  input  end  of  the 
guide,  the  time  taken  by  the  pulse  to  return  the  input 
end  is 

(A)  920  ns  (B)  460  ns 

(C)  230  ns  (D)  430  ns 


Statement  for  Q.6-7: 

In  an  air-filled  rectangular  waveguide  the  cutoff 
frequencies  for  TMn  and  TE03  modes  are  both  equal  to 
12  GHz. 

!  The  dominant  mode  is 
(A)  TM10  (B)  TM01 

(C)  TE01  (D)  TE10 

2  At  dominant  mode  the  cutoff  frequency  is 

(A)  11.4  GHz  (B)  4  GHz 

(C)  5  GHz  (D)  8  GHz 

3  For  an  air-filled  rectangular  waveguide  given  that 

E,  =10  sin  j  sin  jcos  (1012t  -pz)  V/m 

If  the  waveguide  has  cross-sectional  dimension 
a  =  6  cm  and  b  =  3  cm,  then  the  intrinsic  impedance  of 
this  mode  is 

(A)  373.2  Q  (B)  378.9  Q 

(C)  375.1  n  (D)  380.0  Q 

Statement  for  Q.9-10: 

In  an  air-filled  waveguide,  a  TE  mode  operating  at 
6  GHz  has 

Ey  =  15 sin  jcos  j^-^- jsin  (cot  -  12z)  V/m 
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'  !  The  cutoff  frequency  is 
(A)  4.189  GHz  (B)  5.973  GHz 

(C)  8.438  GHz  (D)  7.946  GHz 

EQ  The  intrinsic  impedance  is 

(A)  35.72  Q  (B)  3978  Q 

(C)  1989  Q  (D)  71.44  Q 

Statement  for  Q.  11-1 2 . 

Consider  an  air-filled  rectangular  wave  guide  with 
a  =2.286  cm  and  6  =  1.016  cm.  The  y-component  of  the 
TE  mode  is 

Ev  =12 sin  |^— jcos  j^-^^-jsin  (IOjix  1010t  -p z)  V/m 


m  The  cross  section  of  a  waveguide  is  shown  in  fig. 
P8.7.16.  It  has  dielectric  discontinuity  as  shown  in  fig. 
P8.7.16.  If  the  guide  operate  at  8  GHz  in  the  dominant 
mode,  the  standing  wave  ratio  is 

2.5  cm  - 

Vo,  e0  IV  2.258o 

5  cm 

Fig.  P8.7.16 

(A)  -3.911  (B)  2.468 

(C)  1.564  (D)  4.389 

Statement  for  Q.17-19: 


EH  The  propagation  constant  y  is 
(A)  j'4094.2  (B)  y  400.7 

(C)  j'2733.3  (D)  j'276.4 

M  The  intrinsic  impedance  is 

(A)  743  Q  (B)  168  Q 

(C)  986  Q  (D)  144  Q 


Statement  for  Q.13-14: 

Consider  a  air-filled  waveguide  operating  in  the 
TE12  mode  at  a  frequency  20%  higher  than  the  cutoff 
frequency. 


fEl  The  phase  velocity  is 

(A)  1.66  x  108  m/s  (B)  5.42  x  108  m/s 

(C)  2.46  x  108  m/s  (D)  9.43  x  108  m/s 


m  The  group  velocity  is 

(A)  1.66  x  108  m/s  (B)  4.42  x  108  m/s 

(C)  2.46  x  108  m/s  (D)  9.43  x  108  m/s 


Consider  the  rectangular  cavity  as  shown  in  fig. 
P8.7.17-19. 


y 


Fig.  P8.7. 17-19 


If  a  <  6  <  c, 

the  dominant  mode  is 

(A)  TEon 

(B)  TM110 

(C)  TE101 

(D)  TMwl 

m  If  a  >  6  >  c, 

then  the  dominant  mode  is 

(A)  TEon 

(B)  TM110 

(C)  TEm 

(D)  TM101 

m  If  a  =  c  >  6, 

then  the  dominant  mode  is 

(A)  TEon 

(B)  TM1W 

(C)  TE10l 

(D)  TMW1 

A  rectangular  waveguide  is  filled  with  a 
polyethylene  (er  =2.25)  and  operates  at  24  GHz.  The 
cutoff  frequency  of  a  certain  mode  is  16  GHz.  The 
intrinsic  impedance  of  this  mode  is 
(A)  2248  Q  (B)  337.2  Q 


(C)  421.4  Q 


(D)  632.2  Q 


WJ  The  air  filled  cavity  resonator  has  dimension  a  =  3 
cm,  6=2  cm,  c  =  4  cm.  The  resonant  frequency  for  the 
TM110  mode  is 
(A)  5  GHz 
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frequency,  the  TM1  mode  propagates  through  the  guide 
without  suffering  any  reflective  loss  at  the  dielectric 
interface.  This  frequency  is 

lai 

I 


(A)  8.6  GHz 
(C)  4.3  GHz 


Fig.  P8.7.34 

(B)  12.8  GHz 


(D)  7.5  GHz 


Statement  for  Q.35-36: 


A  6  cm  x  4  cm  rectangular  wave  guide  is  filled  with 
dielectric  of  refractive  index  1.25. 

^  The  range  of  frequencies  over  which  single  mode 
operation  will  occur  is 

(A)  2.24  GHz  <f<  3.33  GHz 

(B)  2  GHz  <  f  <  3  GHz 

(C)  4.48  GHz  <  f  <7.70  GHz 

(D)  4  GHz  <  f  <  6  GHz 

ETll  The  range  of  frequencies,  over  which  guide  support 
both  TE10  and  TE01  modes  and  no  other,  is 

(A)  3.35  GHz  <f<  GHz 

(B)  2.5  GHz  <f<  3.6  GHz 

(C)  3  GHz  <  f  <  3.6  GHz 

(D)  2.5  GHz  <f<  4.02  GHz 

571  Two  identical  rectangular  waveguide  are  joined  end 
to  end  where  a  =26.  One  guide  is  air  filled  and  other  is 
filled  with  a  lossless  dielectric  of  sr  .  it  is  found  that  up 
to  a  certain  frequency  single  mode  operation  can  be 
simultaneously  ensured  in  both  guide.  For  this 
frequency  range,  the  maximum  allowable  value  of  er  is 
(A)  4  (B)  2 

(C)  1  (D)  6 

5£l  A  parallel-plate  guide  operates  in  the  TEM  mode 
only  over  the  frequency  range  0  <  f  <  3  GHz.  The 
dielectric  between  the  plates  is  teflon  (er  =2.1).  The 
maximum  allowable  plate  separation  b  is 
(A)  3.4  cm  (B)  6.8  cm 

(C)  4.3  cm  (D)  8.6  cm 


SOLUTIONS 


f-=U  7 


3x  108 


2^/6  x  10 


=  3.68  GHz 


2-  (C)|3»=|S,|l-|i 


=  -.ll-l4 


V 


f 


2tix  20x  109V6 


CO 


3.  (A)  v  =—  = 
p 


3  x  10 

2n:  x  20  x  10 


1  -]  1  =  1009  rad/m 


1009 


20  J 
=  1.24  x  108  m/s 


4.  (A)  For  TEW  mode  fc= —  , 

2  a 


a  =  - 


3x  10s 


2  fc  2  x  5  x  109 


=  3  cm 


For  TE. 


01  mode  fc=2b’ 


b  =  -  =  - 


3x  108 


2  fc  2  x  12  x  109 
5.  (D)  y=  .  £ 


=  1.25  cm 


3x  108 


1- 


=  6.975  x  108  ms 


1- 


6.5 
7  2 


2 1_  2x150 
6.975  x  108 


=  430  ns 


6.  (C)  12  x  109  = 


3x  108 


o+l! 


b  =  3.75  cm 


12  x  109  = 


3x  108 


2  VI  a  J  V3.75x10“2 

Since  a  <b,  the  dominant  mode  is  TE01 


a  =  1.32  cm 


7-  (B)  fc01  =- 


3  x  108 


=  4  GHz 


2b  2  x  3.75  x  10  2 
8.  (C)  Ez  *  0,  this  must  be  TM2S  mode  (m  =  2,  n  =  3) 


f'  = 


3x  108 
2  x  10"2 


-  =15.81  GHz 

3. 


f  =  -  =  —7- —  =  159.2  GHz 
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h™  =  377,(1  -|  y-  |  =377J1- 


15.81 

1592 


=  375.10 


9.  (B)  m  =  2,  n  =  l,  (3  =12,  f  =  6GHz 


p„=-Ji-f4T  - 


rp  V  V  [fj  3  X 108 


=>  fc  =5.973  GHz 

i  r\  ra\  „  _  377 

10.  (B)  t\te  —  , 


377 


1- 


=  3978  O 


1- 


5.973 


11.  (B)  m  =2,  n  =  3, 

/>; 


1/  \2 

\2 

c 

1  m)  + 

n) 

2  i 

UJ  1 

,bj 

1.2  GHz 

3x  108 
2  x  10  2 


2.286 


1.016 


f  =  1071  x  1Ql0  =5Q  GHz 


2tu 


27i  x  50  x  109  I  f  46.2 


c  \|  V  f  J  3  x  10: 

=  400.7  m'1,  Y  =  7'Pp  =7  400.7 

12.(0^=-  377  377 


1- 


r  f\ 

/■ 


50 


:  =986  O 


1- 


462 

50 


13.  (A)  v  =c,  f=1.2fc 

v  3  x  108 


fc 

i.2fc 


=  5.42  x  108  m/s 


14.  (A)  v=vjl- 


=  cj  1- 


^  f  ^ 

/  c 


W, 


877  877 

15.  (B)  r|  =  2±L=2±L  =  251.33  O 
a/ £„  1-5 


hi® 


0 


251.33 


1- 


f 


=  337.2  O 


1- 


16.  (C)  Since  a  >  b,  the  dominant  mode  is  TEU 

In  free  space  f  =  —  =  3  X  —  =  3  GHz 
2a  2x0.05 


hi 


377 


1- 


=  406.7  O 


1- 


In  dielectric  medium 
c  3x10' 


fc  = - t=  =  - t—  =  2  GHz 

2a^  2  x  0.05^/2425 


ho 


377 

V225 


=  251.330,  r|2 


251.33 


=  259230 


1- 


r]2  -hi  _  259.23  -  406.7 
r)2  +  ip  259.23  +  406.7 

1  +  lTl  1  +  0.22 
1  -  in  1-0.22 


=  -0.22 


\s  \  2 

r  >2 

c  n2 

f  m  \ 

n ) 

1  —  + 

—  + 

l  a  J  l 

,  c  J 

17.  (A)  fr  =^i||  — 


where  for  TM  mode  to  z 

m  =  1,  2,  3 .  , 

n  =  1,  2,  3 .  , 

P=0,  1,  2  . 

For  TE  mode  to  z 

m  =  1,  2,  3 . , 

n  =  1,  2,  3 . 

P  =  1>  2,  3 .  , 

if  a  <b  <c,  then  —  >  —  > - 
a  b  c 

The  lowest  TM  mode  is  TM110  with 


f  =- 

/  rl 


The  lowest  TE  mode  is  TEmi  with 


fr2  ~ ; 


-1.66x  108  m/s  fr2  >  //  ,  Hence  the  dominant  mode  is  TE0 


18.  (B)  If  a  >b  >c  then  —  <  —  <  — 

a  b  c 

The  lowest  TM  mode  is  TM110  with 


f  =- 

/rl 


The  lowest  TE  mode  is  TE101  with 


fr2=, 


fr2  >  fn  Hence  the  dominant  mode  is  TMna 
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19.  (C)  If  a  =  c>b,  then  —  =  -  <  — 

a  c  b 

The  lowest  TM  mode  is  TMno  with 


The  lowest  TE  mode  is  TE101  with 


if  i  \2  fi'2 

v  1  (1 


frl  -  „  1 

2  \|/a  )  VCy 

f  <  f  Hence  the  dominant  mode  is  TEU 


3x108  inf.riY  9GHz 


2x0.01  \{3 

21.  (A)  m=n  =  1,  p  =0,  a  =  b  =  c,  fr  =2  Ghz, 

q  1A9  3xl08V2 

2x10  = - =>  a  =10.6  cm 

2  a 

22.  (A)  f  = - —  = - =  =  10x10“  =>  e  =9 

2 bjz,  2  x  0.01^ 

23.  (A)  For  a  propagating  mode  f  >  fcm, 

„  me  „  me  2  fbJe 

f>Mjrr  *  m<  o 

2  x  30  x  109  x  0.01a/25 
m  <  - ; -  =>  m  <  3.16 

3x  108 

The  maximum  allowed  m  is  3.  The  propagating  mode 
will  be  TM \ ,  TE, ,  TM2 ,  TE2 ,  TM, ,  TE 3  and  TEM 
Thus  total  7  modes. 


24.  (B)  fcm  =  ,  fc2  =24=15  GHz 

2»V£r 

f=-=  3x  1Q8  =20  GHz 
X  0.015 


r 

f/n 

1 

H 

UJ 

=  3xl08,|l^i||  =2  x  108  m/s 
s 


25.  (A)  fc  = 


Mode 

O 

if 

TE01 

TEn 

te20 

A,c(cm) 

14.4 

6.8 

6.15 

7.21 

X  >  X,.  .  Hence  TE,n  mode  can  be  used. 


26.  (C)  Let  a  =kb ,  l<k<2 


\2 

(  m  )  + 

UJ  i 

,b) 

1.5  x  108 


Dominant  mode  is  TEin  ,  fcW  = 


4m2  +  k2n 2 


1.5  x  10s 


3  x  10  > 


12  x  1.5  x  108 


3  GHz  >12/: 

i 

=>  a  >  6  cm 

The  next  higher  mode  is  TE01,  fo01  = 


1.5  x  108 


3  GHz  <0.84 


3  x  10  < 


0.8  x  1.5  x  108 


b  <  4  cm,  Thus  (C)  is  correct  option. 


r  q  v  1 08 

27.  (C)  fc  =  —  =  =2.3  GHz 


2a  2  x  0.065 
c  3  x  108 


1- 


fc 

f  J 


1- 


213 

3 


=  4.7  x  108  m/s 


28.  (B)  For  TE, „  mode 


=  0.022 


29.  (B)  = 


10 


10 


me  2tix9x  109x2.6x  8.85  x  10“12 

,  1  c  377 

—  « 1,  hence  v  ~  — =  =  ,  ,  u  » 

toe  4  pe  V2.6  V2.6 


1.3 


fc  = 


3x  108 


=  3.876  GHz 


c 

x  - 

2 

21 

l  «  J  i 

,b)’ 

If  mT +f 

laj  +l 

,  J 

2x2.4x  10  2V2^6 

adr]  _  10“15  x  233.8 


1- 


2J1- 


3.876  V 

9  J 


=  1.3  x  1013  Np/m 
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30.  (D)  Dominant  mode  is  TEW  mode 

fc=—  =  3x  1Q8  =2.08  GHz 
c  2  a  2x0.072 

71  X  3  x  109  X  4jt  X  10~7 


R,  = 


I#  c 


For  TEm  mode 


R, 

fi  +  -[ 

a 

j} 

V 

5.8  x  107 


1.429  x  10 


=  1.429x  10  2  Q 


2  x  3.4  i  2.08 


72 


K1" 


377x0.034,  1- 


2.08  T 

3  J 


=  225  x  10“3  Np/m 

-a^  =  l  .  1 

2 


z  =  —  In  2  =  308  m 

a„ 


31.  (B) 


_  c  II  m 

i  emn  1 


f  nY 

 3  x  1.08 

f  mT +f 

2  n  V 

UJ 

2  X  0.01  V 

1  8  J  1 

,10  J 

=  15 


GHz 


fcl0  =  1875  GHz 

fcoi  =  1-5  GHz,  /In  =2.4  GHz 

/■c20  =  3.75GHz  ,  /;02  =  3  GHz, 

/■c21=  4.04  GHz,  /;12=  3.54  GHz, 

/■c30  =5.625  GHz  ,  /:03=4.5  GHz 

Iff,  <  f  ,  then  mode  will  be  transmit.  Hence  six  mode 
will  be  transmitted. 

32.  (C)  For  dominant  mode  (m  =1,  n=0) 

3x  108 


£=; 


2  x  0.04 


=  3.75  GHz 


Since  given  frequency  is  below  the  cutoff  frequency,  3 
GHz  will  not  be  propagated  and  get  attenuated 


If  mK) 

2 

+ 

^  mC\ 

2 

f  col 

(a  J 

V  6  J 

vJ 

y  =  a  +  j'P  = 

P  =0,  Since  wave  is  attenuated, 


a  = 


\2  f  >2 

mn  |  |  a> 


I  — 

10.04 


271  x  3  x  10~ 
3x  108 


=  47.1 


/■cl0  =  —  =  3x  10  =  1.875  GHz 
2  a  2x0.08 


y  = 

=  j  43.9 


If  mnX  +  I 

^  7Z7T 

2 

7  col 

f  If n  T  f 

U  J  +! 

v  b  ) 

Vlo.08  J  l 

3  x10s 


34.  (B)  The  ray  angle  is  such  that  the  wave  is  interface 

1 2.1 

at  Brewster’s  angle  0B  =  tan  '  =35.9°. 

The  ray  angle  0  =90°-35.9°  =54.1° 

3  x  1010 


L  = 


2  bjeff  2x1x2 


=  7.5  GHz 


f  = 


fa 


7.5 


cos  0  cos  54.1° 


=  12.8  GHz 


35.  (A)  fc  = 

* 

Tao  = 

fc  01  = 


2^ 


f  m) 

la 

+ 

UJ 

3x  108 


a2jsfr 

c 


2  x  125  x  0.06 

3  x  10f 


=  2  GHz 


b2y[ffr  2  x  125  x  0.04 
2  GHz  <  f  <  3  GHz 


=  3  GHz 


36.  (C)  /-cll  =- 


3x  108 


2  x  125  x  10'2 
3  GHz  <  f  <  3.6  GHz 


Im 

2 

r  11 

[6j 

1  +l 

v  4  J 

=  3.6  GHz 


37.  (A)  fc=- 


!r  \2 

n) 

U&J  l 

lowest  cutoff  frequency  fcl0  = 


2(2  b) 


Next  lowest  cutoff  frequency  fc20  = 


2b 


In  guide  2  lowest  cutoff  frequency  f'cl 0  = 


2^(2b) 


Next  lowest  cutoff  frequency  f'cW  = 


2  ^(b) 


For  single  mode  fk»<f<f'cU 

<f< 


2(2  b) 


2 


38.  (A)  f  <fc 


f<^  = 


e  <  4 


3  x  108 


2b  2  x  6  x  V21 


3  x  10  < 


3  x  108 


2  x  6  x  V21 


6  <  3.4  cm 
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Q  A  Hertizian  dipole  at  the  origin  in  free  space  has 

dl  =10  cm  and  I  =20cos(27tx  107t)  A.  The  |E|  at  the 

distant  point  (100,  0,  0)  is 

(A)  0.252  V/m  (B)  0.126  V/m 

(C)  0.04  V/m  (D)  0.08  V/m 


Statement  for  Q.2-3: 

A  25  A  source  operating  at  300  MHz  feeds  a 
Hertizian  dipole  of  length  4  mm  situated  at  the  origin. 
Consider  the  point  P(10,  30°,  90°). 


3  The  H  at  point  P  is 
(A)  y'0.25  mA/m 
(C)  y'0.5  mA/m 


(B)  94.25  mA/m 
(D)  188.5  mA/m 


3  The  E  at  point  P  is 
(A)  j'0.25  mV/m 
(C)  y'94.25  mV/m 


(B)  j 0.5  mV/m 
(D)  j'188.5  mV/m 


|  The  time-average  poynting  vector  at  50  km  is 
(A)  6.36ur  pW/m2  (B)  4.78ur  pW/m2 

(C)  9.55ur  pW/m2  (D)  12.73ur  pW/m2 

|  The  maximum  electric  field  at  that  location  is 
(A)  24  mV/m  (B)  85  mV/m 

(C)  109  mV/m  (D)  12  mV/m 

lj  In  free  space,  an  antenna  has  a  far-zone  field  given 
by  E  =  J  10  sin  20  «_J|i,ull  V/m.  The  radiated  power  is 
(A)  0.23  W  (B)  0.89  W 

(C)  1.68  W  (D)  1.23  W 

3  At  the  far  field,  an  antenna  produces 
P0„e  = /j-cos  0 cos  (|)u;.  W/m2,  where  O<0<7t  and 
0  <  (|)  <  |.  The  directive  gain  of  the  antenna  is 
(A)  cos  0  cos  (|)  (B)  2  sin  0  cos  <|> 

(C)  8  cos  0  sin  (|)  (D)  8  sin  0cos  <|) 


j  An  antenna  can  be  modeled  as  an  electric  dipole  of 
length  4  m  at  3  MHz.  If  current  is  uniform  over  its 
length,  then  radiation  resistance  of  the  antenna  is 
(A)  1.974  Q  (B)  1.263  Q 

(C)  2.186  Q  (D)  2.693  Q 

Statement  for  Q.5-6: 


Statement  for  Q.9-10: 

The  radiation  intensity  of  antennas  has  been 
given.  Determine  the  directivity  of  antenna. 

3  £7(0,  (|>)  =sin2  0,  0  <  0  <  7i ,  0  <  <|) < 2m 

(A)  1.875  (B)  2.468 

(C)  3.943  (D)  6.743 


A  antenna  located  on  the  surface  of  a  flat  earth 
transmit  an  average  power  of  150  kW.  Assume  that  all 
the  power  is  radiated  uniformly  over  the  surface  of 
hemisphere  with  the  antenna  at  the  center. 
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m  The  radiation  intensity  of  a  antenna  is  given  by 
U(Q,  4>)  =  8  sin2  0cos2  ,  where  0  <  0  <  n  and  0  <  4>  <  n.  The 
directive  gain  is 

(A)  6  sin2  0  cos2  (]>  (B)  3 sin2  0  cos2  <|> 

(C)  3  sin2  <|)cos2  0  (D)  6  sin2  <])cos2  0 


Two  identical  antenna  separated  by  12  m  are 
oriented  for  maximum  directive  gain.  At  a  frequency  of 
5  GHz,  the  power  received  by  one  is  30  dB  down  from 
the  transmitted  by  the  other.  The  gain  of  antenna  is 
(A)  22  dB  (B)  16  dB 

(C)  19  dB  (D)  13  dB 


Statement  for  Q.12-13: 

At  the  far  field,  an  antenna  radiates  a  field 


E*  = 


0.4  cos  0 
47ir 


-jfr 


kV/m 


m  The  total  radiated  power  is 

(A)  1.36  W  (B)  2.14  W 

(C)  0.844  W  (D)  3.38  W 

EE1  The  directive  gain  at  0  =  tt/3  is 

(A)  0.3125  (B)  0.625 

(C)  1.963  (D)  3.927 

m  An  antenna  has  directivity  of  100  and  operates  at 
150  MHz.  The  maximum  effective  aperture  is 
(A)  31.8  m2  (B)  62.4  m2 

(C)  26.4  m2  (D)  13.2  m2 


nil  Two  half  wave  dipole  antenna  are  operated  at  100 
MHz  and  separated  by  1  km.  If  100  W  is  transmitted  by 
one,  the  power  received  by  the  other  is  (D  =  1.68) 

(A)  12  pW  (B)  10  mW 

(C)  18  mW  (D)  16  pW 


Statement  for  Q.20-21: 

An  L-band  pulse  radar  has  common  transmitting 
and  receiving  antenna.  The  antenna  having  directive 
gain  of  36  dB  operates  at  1.5  GHz  and  transmits  200 
kW.  The  object  is  120  km  from  the  radar  and  its 
scattering  cross  section  is  8  m2. 

^il  The  magnitude  of  the  incident  electric  field 

intensity  of  the  object  is 

(A)  1.82  V/m  (B)  2.46  V/m 

(C)  0.34  V/m  (D)  0.17  V/m 

The  magnitude  of  the  scattered  electric  field  at  the 
radar  is 

(A)  18  pW  (B)  12  pW 

(C)  17  mW  (D)  126  mW 

A  transmitting  antenna  with  a  300  MHz  carrier 
frequency  produces  2  kW  of  power.  If  both  antennas  has 
unity  power  gain,  the  power  received  by  another 
antenna  at  a  distance  of  1  km  is 
(A)  11.8  mW  (B)  18.4  mW 

(C)  18.4  pW  (D)  12.7  pW 


ITil  The  electric  field  strength  impressed  on  a  half  wave 
dipole  is  6  mV/m  at  60  MHz.  The  maximum  power 
received  by  the  antenna  is  (D  =  1.68) 

(A)  159  nW  (B)  230  nW 

(C)  196  pW  (D)  318  pW 

m  The  power  transmitted  by  a  synchronous  orbit 
satellite  antenna  is  480  W.  The  antenna  has  a  gain  of 
40  dB  at  15  GHz.  The  earth  station  is  located  at 
distance  of  24,  567  km.  If  the  antenna  of  earth  station 
has  a  gain  of  32  dB,  the  power  received  is 
(A)  32  pW  (B)  3.2  fW 

(C)  10.2  pW  (D)  1.3  fW 


A  bistatic  radar  system  shown  in  fig.  P8.7.23  has 
following  parameters:  f  =5  GHz,  Gdl  =  34  dB,  Gdr  = 
22  dB.  To  obtain  a  return  power  of  8  pW  the  minimum 
necessary  radiated  power  is 


antenna 


Fig.  P8.7.23 

(A)  1.394  kW  (B)  2.046  kW 

(C)  1.038  kW  (D)  3.46  kW 


lf:y  The  directive  gain  of  an  antenna  is  36  dB.  If  the 
antenna  radiates  15  kW  at  a  distance  of  60  km,  the 
time  average  power  density  at  that  distance  is 
(A)  9.42  pW/m2  (B)  6.83  mW/m2 

(C)  1.32  mW/m2  (D)  10.46  mW/m2 


The  radiation  resistance  of  an  antenna  is  63  Q  and 
loss  resistance  7  Q.  If  antenna  has  power  gain  of  16, 
then  directivity  is 

(A)  48.26  dB  (B)  12.5  dB 

(C)  38.96  dB  (D)  24.7  dB 
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EJjJ  An  antenna  is  desired  to  operate  on  a  frequency  of 
40  MHz  whose  quality  factor  is  50.  The  bandwidth  of 
antenna  is 

(A)  5.03  MHz  (B)  800  kHz 

(C)  127  kHz  (D)  None  of  the  above 

^3  A  thin  dipole  antenna  is  A./15  long.  If  its  loss 
resistance  is  1.2  Q,  the  efficiency  is 
(A)  41.1%  (B)  59% 

(C)  74.5%  (D)  25.5% 

Statement  for  Q.27-29: 

An  array  comprises  of  two  dipoles  that  are 
separated  by  the  wavelength.  The  dipoles  are  fed  by 
currents  of  the  same  magnitude  and  phase. 


►Mr#  The  array  factor  is 

(A)  2  cos  (7tcos  0  +  45°) 
(C)  2  cos  (rtsin  0  +  45°) 


(B)  2  cos  (itsin  0  ) 
(D)  2  cos  (ttcos  9) 


££s2  The  nulls  of  the  pattern  occur  when  0  is 
(A)  30°,  150°  (B)  60°,  120° 

(C)  45°,  135°  (D)  0,  180° 

ET5I  The  maximum  of  the  pattern  occur  at 

(A)  0  =  45°,  135°  (B)  0=0,  90°,  180° 

(C)  0  =  30°,  150°  (D)  0  =  60°,  150° 

5Til  An  array  comprises  two  dipoles  that  are  separated 
by  half  wavelength.  If  the  dipoles  are  fed  by  currents, 
that  are  180°  out  of  phase  with  each  other,  then  array 
factor  is 

(A)  sin  (f  cos  0  +  -f)  (B)  cos  (f  cos  0  +  f) 

(C)  cos  (f  cos  0  +  | )  (D)  sin  (f  cos  0  +  f) 

An  antenna  consists  of  4  identical  Hertizian  dipoles 
uniformly  located  along  the  z-axis  and  polarized  in  the 
z-direction.  The  spacing  between  the  dipole  is  X  /  4  .  The 
group  pattern  function  is 

(A)  4  cos  (f  cos  0)  cos  (f  cos  0) 

(B)  4  cos  (|  cos  0)  cos  (f  cos  0) 

(C)  4  cos  (|  cos  0)  sin  (f  cos  0) 

(D)  4  cos  (f  cos  0)  sin  (f  cos  0) 


SOLUTIONS 


1.  (B)p="  =  2,t*10,’ 
c  3  X  10s 


2tx 

30 


At  far  field  |25B|  -  sjn  q 

1  61  4jtr 

q  =120ji  =  377,  70  =  20,  d/=10  cm 
At  (100  cm,  0,  0),  0  =  ~ 

,  ,  120nx20x0.1  2  Ti 

\E,,\  = - x  —  =0.126  V/m 

1  91  4tix  100  30 


2  »  =  2««300^=2it 

c  3  x  10 

r  =  10m,  0  =  30°,  <]>  =  90o 

At  far  field  H  =  H.  =  sin  0  e"'pr 


H*  = 


4  nr 

j(25)(2n)  (4  x  10“3)  _jaM 


=  j0.25  mA/m 


4tt(10) 

3.  (C)  E  =  Ee  =r]H,  =  377 H,  =  j'9425  mV/m 


4.  (B)  A.  =  -=3x1°6  =100 
f  3  x  10 

dl  _  4  1_  J_ 

T^lOO  ""  25  <10 

^=807ipW2=^ 
l  X  )  625 


=  1263  Q 


5.  (C)  Pmd  =  J  Pam  ■  dS  =  Pave  ■  2 nr 
150 x 103 


P 

D  _  rad  _ 

am^2nr2  ~  2ti(50  x  103)2 

P=9.55ur  pW/m2 


6.  (B)  P  =(E max) 

v  /  ave  r, 

2q 


=  9.55  pW/m2 


•^max  =  V2llEaI 


Enmx  =  ^2  x  377  x  9.55  x  10“6  =  85  mV/m 
IJSI2 


7.  (B)  P  = 

v  '  a.np 


-JJ 


2q 

100  sin2  20 

2q 


sin  0  dQ  d(|) 


100 


2  x  120ti 


j  (27i)(2  sin  Ocos  0)2  sin  0  dO 


—  [  sin3  0  cos2  0c70  =0.89  W 
3  J 
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=  4rfl2)  1  =  ?9  4g  =  19  dB 
0.06  V 103 

20.  (A)  Gd  =  36  dB  =3981 

q  =4k r%  p  _  GdPrad  _  \E\2 

d  Pmd  ‘  4nr2  2n 


\E\  = 


(2407t)  GdPra 


4  nr 


(60X3981X200  x  IQ3) 
(120  x  103)2 

=  1.82  V/m 


21.  (B)  l£,l  = 
1.82 


\Er\2  a  _\E,\  \  a 
4jtr2  r  V  4 n 


8 


—  =  12  |aW 


120  x  103  V4 n 


00  /rt.  ,  c  3  x  10 

22.  (D)  X  =  —  =  — — - — ^  =  1  m 


f  300  x  10b 


P,  =  GdrGdt\ 


-\p- 
4nr  J 


P=(  1X1) 


4ti10‘ 


2000  =  12.7  piW 


27.  (D)  pd=  —  X  =  2n  ,  a=0 

A, 

A  7~t  r.  [  P(7  COS  0  +  a  I  „  ,  r\\  rt  {  r\\ 

AF  =2  cos  |  - - z -  =  2cos  (7tcos  0)=2cos  (jtcos  0) 


28.  (B)  cos  (itcos  0)  =0 

„  71  3ti 

=>  7ICOS  0  =  ±  —  ,  ± - 

2  2 


cos  0  =  +  — 
2 


0  =60°,  120° 


29.  (B)  Maxima  occur  when  _q 

dQ 

sin  (7icos  0)  Ttsin  0  =0  =>  0=0,90°,  180° 


30.  (B)  pd  =  —  -  =  71  ,  a  =  7i 
X  2 

.  „  n  I'Bdcos  0  +  a3!  In  n 

AF  =  2  cos  - -  =  cos  —  cos  0  + 


sm, 


31.  (A)  (AF)n=- 


2 


sm 


23.  (C)Pr=%^f— M  oPrad 
471  ^4tt rxr2  j 

Gdt=  34  dB  =2512,  Gdr  =22  dB  =158.5 
rx  =  3  km,  r2  =  -J 3 2  +  42  =  5  km 

X=3x1°8q  =0.06  m,  P ’  =8pW 
5  x  10 


\|/  =  pd  cos  0  +  a  ,  N  =  4 
sin4x  2sin2xcos2x 


sin  x 

sin ; 

i  2n  X 

71 

P  d  =— -  = 

-  ,  a  = 

X  4 

2 

AF  =  4  cos 

—  cos  0 

l 

4 

=  4cos  x  cos  2x 


\\t  _  n 
~2~  4  ' 
n 

—  CO! 
2 


8x  10-“  =  (2512X158.5)  r  0.06  >| 

4  7i  v  47i(3k)(5k)  J 


Prad=  1.038  kW 


24.  (B)  Efficiency  = 


63 


63  +  7 


=  0.9 


D  =  Gam  =—=17.78=12.5  dB 
Efficiency  0.9 


f  40  x  1 06 

25.  (B)  BW  =  —=  =  800  kHz 

Q  50 


,2i  dl 


26.  (C)  Radiation  resistance  Rr  =80ti  |  — 


=  80x  n2  x|  -2-  |  =351Q 


Efficiency  = 


R, 


3.51 


Rr  +  Rl  3.51  +  12 


=  74.5% 
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[I  If  A: 

(A)  0 
(C)  2 


0  1-2 
-10  3 

2-2  X 


is  a  singular  matrix,  then  X  is 

(B)  -2 
(D)  -1 


3  If  A  and  B  are  square  matrices  of  order  4x4  such 

that  A  =  5B  and  |A|  =  a  ■  |B| ,  then  a  is 

(A)  5  (B)  25 

(C)  625  (D)  None  of  these 

3  If  A  and  B  are  square  matrices  of  the  same  order 
such  that  AB  =  A  and  BA  =  A  ,  then  A  and  B  are  both 
(A)  Singular  (B)  Idempotent 

(C)  Involutory  (D)  None  of  these 


3  The  matrix,  A  = 


(A)  Idempotent 
(C)  Singular 


-5  -8  0 

3  5  0 

12-1 


is 


(B)  Involutory 
(D)  None  of  these 


U  Every  diagonal  element  of  a  skew-symmetric  matrix 
is 

(B)  0 

(D)  None  of  these 


(A)  1 

(C)  Purely  real 


J  Every  diagonal  elements  of  a  Hermitian  matrix  is 
(A)  Purely  real  (B)  0 

(C)  Purely  imaginary  (D)  1 

3  Every  diagonal  element  of  a  Skew-Hermitian  matrix 
is 

(A)  Purely  real  (B)  0 

(C)  Purely  imaginary  (D)  1 

3  If  A  is  Hermitian,  then  tA  is 

(A)  Symmetric  (B)  Skew-symmetric 

(C)  Hermitian  (D)  Skew-Hermitian 

E0  If  A  is  Skew-Hermitian,  then  iA  is 

(A)  Symmetric  (B)  Skew-symmetric 

(C)  Hermitian  (D)  Skew-Hermitian. 


EH  If  A: 

(A)  A 
(C)  3 A' 


-1  -2  -2 
2  1-2 
2-2  1 


,  then  adj.  A  is  equal  to 

(B)  c‘ 

(D)  3A 


m  The  inverse  of  the  matrix 


-1  2 
3  -5 


is 


3  The  matrix,  A 

(A)  Orthogonal 
(C)  Unitary 


1 

42 

42 

1 

is 

(A) 

"5 

3 

2" 

1 

(B) 

"5 

2 

3" 

1 

42 

42 

(B)  Idempotent 
(D)  None  of  these 


(C) 


-5  -2 
-3  -1 
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Let  A  = 


0 

2 

1 


,  then  A  1  is  equal  to 


4 

0 

0" 

"  2 

0  0" 

(A) 

1 

A 

-10 

2 

0 

(BlJ 

-5 

1  0 

4 

-1 

-1 

2 

Z 

-1 

-1  2 

1 

0 

0 

(C) 

- 

10 

2 

0 

(D)  None  of  these 

-1 

-1 

2 

m  If  the  rank  of  the  matrix,  A  = 


2  -1 


4 

1 


the  value  of  X  is 
(A)  -13 
(C)  3 


7 

4 


is  2,  then 


(B)  13 

(D)  None  of  these 


IP  Let  A  and  B  be  non-singular  square  matrices  of  the 
same  order.  Consider  the  following  statements. 

(I)  (AB)r  =  ArBr  (II)  (ABC1  =  B  *A  1 

(III)  adj(AB)  =(adj.  A)(adj.B)  (IV)  p( AB)  =  p(A)p(B) 

(V)  |AB|  =  |A|  •  |B| 

Which  of  the  above  statements  are  false  ? 

(A)  I,  III  &  IV  (B)  IV  &  V 

(C)  I  &  II  (D)  All  the  above 


The  rank  of  the  matrix  A  = 


2 

0 

2 


1  -1 

3  -2 

4  -3 


is 


(A)  3 
(C)  1 


(B)  2 

(D)  None  of  these 


EH  The  system  of  equations  3x-y+z=0, 
15#  -  6y  +  5z  =0,  A#-2y  +  2z=0  has  a  non-zero 

solution,  if  X  is 

(A)  6  (B)  -6 

(C)  2  (D)  -2 


The  system  equations#  +  y  +  z  =  6,  x  +  2y  +  3z  =  10, 
x  +  2y  +  Xz  =  12  is  inconsistent,  if  X  is 
(A)  3  (B)  -3 

(C)  0  (D)  None  of  these. 

ETil  The  system  of  equations  5#  +  3y  +  7z  -  4, 
3#  +  26y  +  2z  =  9,  7 x  +  2y  +  10 z  =  5  has 

(A)  a  unique  solution 

(B)  no  solution 

(C)  an  infinite  number  of  solutions 

(D)  none  of  these 


gjj  If  A  is  an  n-row  square  matrix  of  rank  (n  - 1),  then 

(A)  adj  A  =  0  (B)  adj  A  *  0 

(C)  adj  A  =  In  (D)  None  of  these 

The  system  of  equations  x  -  4y  +  7z  =  14, 
3#  +  8y -2z  =13,  7#-8y+26z=5  has 

(A)  a  unique  solution 

(B)  no  solution 

(C)  an  infinite  number  of  solution 

(D)  none  of  these 


The  eigen  values  of  A  = 

(A)  ±1 
(C)  -1,-1 


3 

9 


are 


(B)  1,  1 


(D)  None  of  these 


EE1  The  eigen  values  of  A 


8  -6 
-6  7 
2  -4 


2 

-4 

3 


are 


(A)  0,  3, -15  (B)  0,-3, -15 

(C)  0,  3, 15  (D)  0,  -  3, 15 


33  If  the  eigen  values  of  a  square  matrix  be  1,  -  2  and  3, 
then  the  eigen  values  of  the  matrix  2A  are 
(A)  1 ,  - 1 ,  |  (B)  2  ,  -  4 , 6 

Z  z 


(C)  1,-2,  3 


(D)  None  of  these. 


Ed  The  system  of  equation  x-2y+z=0, 

2#-y  +  3z=0,  Xx  +  y  -z  =  0  has  the  trivial  solution  as 

the  only  solution,  if  X  is 

(AU*-|  (BU  =  f 

(C)  X  *  2  (D)  None  of  these 


^3  If  A  is  a  non-singular  matrix  and  the  eigen  values 
of  A  are  2 , 3 ,  -  3  then  the  eigen  values  of  A'1  are 


(A)  2, 3, -3 


(B) 


11-1 

2  ’  3’T 


(C)  2|A|,  3|A|,  -  3|A| 


(D)  None  of  these 
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EyI  If  -1 , 2 , 3  are  the  eigen  values  of  a  square  matrix  A 

then  the  eigen  values  of  A2  are 

(A) -1,2,3  (B)  1,  4,  9 

(C)  1,  2,  3  (D)  None  of  these 

If  2  ,  -  4  are  the  eigen  values  of  a  non-singular 
matrix  A  and  |A|  =  4,  then  the  eigen  values  of  adj  A  are 

(A)  | - 1  (B)  2,-1 

(0  2,-4  (D)  8,-16 


B  = 


cos2  <|>  cos  (|)sin  (|> 
cos  4>  sin  (|)  sin2  <f> 


4il  If  2  and  4  are  the  eigen  values  of  A  then  the 

eigenvalues  of  Ar  are 

(A)  (B)  2,  4 

(C)  4,  16  (D)  None  of  these 


is  a  null  matrix,  then  0  and  $  differ  by 

(A)  an  odd  multiple  of  n 

(B)  an  even  multiple  of  n 

(C)  an  odd  multiple  of  f 

(D)  an  even  multiple  f 

^3  If  A  and  B  are  two  matrices  such  that  A  +  B  and  AB 
are  both  defined,  then  A  and  B  are 

(A)  both  null  matrices 

(B)  both  identity  matrices 

(C)  both  square  matrices  of  the  same  order 

(D)  None  of  these 


sJJ  If  1  and  3  are  the  eigenvalues  of  a  square  matrix  A 
then  A3  is  equal  to 

(A)  13(A  -I2)  (B)  13A  -  12I2 

(C)  12(A  -I2)  (D)  None  of  these 

If  A  is  a  square  matrix  of  order  3  and  |A|  =  2  then 
A  (adj  A)  is  equal  to 


If  A  = 


0 

tan 


-  tan  f 


(A) 


(C) 


2  0  0 
0  2  0 
0  0  2 


(B) 


_1 

2 

0  I 


0  0 
0 

0  i 


0 

1 


(D)  None  of  these 


then  (I  -  A)  • 

Lsm  a 

(A)  I  +  A 
(C)  I  +  2A 

§3  If  a=[3  ~4 

|_1  -1 

n,  A"  is  equal  to 


is  equal  to 

cos  a 

(B)I-A 

(D)  1-2  A 

,  then  for  every  positive  integer 


0  0  1 

(A) 

1  +  2  n 

4  n 

n 

1  +  2  n 

"8 

2  3 

(C) 

1-2  n 

4  n 

The  sum  of  the  eigenvalues  of  A  = 

4 

5  9 

is 

n 

1  +  2  n 

2 

0  5 

1  +  2n, 
n 


-  4  n 
1-2  n 


equal  to 
(A)  18 
(C)  10 


If  A..  = 


(B)  15 

(D)  None  of  these 


cos  a  sin  a 
-sin  a  cos  a 


If  1,  2  and  5  are  the  eigen  values  of  the  matrix  A 
then  |A|  is  equal  to 

(B)  10 


(A)  8 


(C)  9 


(D)  None  of  these 


cos'1  a 

sin”  a 

-sin"  a 

cos"  a 

cos  na 

sin  na 

-sin  na 

cos  na 

(B) 

(D)  None  of  these 

,  then  consider  the  following 


II-  A0  -  Ap  —  A(cl+p) 


If  the  product  of  matrices 

cos2  0  cos  0  sin  0 
cos  0  sin  0  sin2  0 


A  = 


and 


statements  : 

I.  Aa  •  Ap 

III.  (AJn  = 

IV.  (AJ"  = 


Which  of  the  above  statements  are  true  ? 
(A)  I  and  II  (B)  I  and  IV 

(D)  II  and  IV 


(C)  II  and  III 
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rStil  If  A  is  a  3-rowed  square  matrix  such  that  |A|  =  3, 
then  adj  (adj  A)  is  equal  to  : 

(A)  3A  (B)  9A 

(C)  27A  (D)  none  of  these 

If  A  is  a  3-rowed  square  matrix,  then  |adj(adj  A)|  is 
equal  to 

(A)  |A|6  (B)  |Af 


(A) 

(C) 


If  A  = 

1  3 

-1  4 

2  1" 
1  26 


12  0 
3-14 


,  then  AAr  is 

(B) 

(D)  Undefined 


10  1 

-12  3 


The  matrix,  that  has  an  inverse  is 


(C)  |Af 


(D)  |Af 


31  If  A  is  a  3-rowed  square  matrix  such  that  |A[  =  2, 

then  |adj(adj  A2)  is  equal  to 

(A)  2 4  (B)  28 

(C)  216  (D)  None  of  these 


(A) 

(C) 


3  1 
6  2 

6  2 
9  3 


(B) 

(D) 


5  2 
2  1 

"8  2 

4  1 


The  skew  symmetric  matrix  is 


If  A  = 

of  x  is 
(A)  1 

(C)  - 
2 


If  A  = 


2x  0 

X  X 


and  A  1  = 


1 

-1 


,  then  the  value 


(A) 


(C) 


(B)  2 

(D)  None  of  these 


0-2  5 
2  0  6 
-5  -6  0 


0  13 
10  5 
3  5  0 


(B) 


(D) 


15  2 
6  3  1 
2  4  0 

0  3  3" 
2  0  2 
110 


KJ  If  A  = 


1  2 
2  1 
1  1 


then  A  1  is 


T 

1  1 

0" 

and  B  = 

0 

1  0 

1 

1 

,  the  product  of  A  and  B 


is 


(A) 


(C) 


1  4“ 

1  -2 

(A) 

1 

0 

(B) 

1  0" 

0  1 

3  2 

2  5 

2  3" 

(B) 

-2  1 

1  2 

(C) 

1 

2 

(D) 

‘1  0" 

0  2 

3  1 

2  7 


(D)  Undefined 


If  A  = 


2  -1 
1  0 
-3  4 


Ea  Matrix  D  is  an  orthogonal  matrix  D  = 
value  of  |B|  is 


A  B 
C  0 


.  The 


and  B  = 


1  -2  -5 
3  4  0 


then  AB  is 


(C)  1 


(B)  -?= 

V2 

(D)  0 


'-1  -8 

-10" 

"  0  0-10 

(A) 

-1  -2 

5 

(B) 

-1  -2  -5 

9  22 

15 

0  21  -15 

'-1  -8 

-10' 

o1 

1 

oo 

1 

i—1 

o 

(C) 

1  -2 

-5 

(D) 

1  -2  -5 

9  22 

15 

9  21  15 

Inil  If  Anxn  is  a  triangular  matrix  then  detA  is 

(A)  ft  (-l)a,,  (B)  fK 


(C)  X(-l)a, 


(D)X>» 
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If  A  = 


cos  t 
sin  t 


,  then  will  be 
dt 


sin  t 
sin  t 


cos  t 
sin  t 


(C) 


2 1 


-sin  t 
cos  t 


(D)  Undefined 


^  If  A  eRM  ,  det  A  *  0,  then 

(A)  A  is  non  singular  and  the  rows  and  columns  of  A 
are  linearly  independent. 

(B)  A  is  non  singular  and  the  rows  A  are  linearly 
dependent. 

(C)  A  is  non  singular  and  the  A  has  one  zero  rows. 

(D)  A  is  singular. 


SOLUTIONS 


1.  (B)  A  is  singular  if  |A|  =0 

0  1-2 
-10  3  =0 

2-2  X 


1  -2 
-2  X 


+  0 


=>  -(-1) 

=>  (A.  - 4)  +  2(3)  =0  =>  >.-4  +  6=0  =>  X  =  -2 


1  -2 
0  3 


0  3 

-2  AJ 


=  0 


2.  (C)  If  k  is  a  constant  and  A  is  a  square  matrix  of 
order  nx  n  then  |&A|  =  kn  |A|. 

A  =5B  =>  |A|  =  |5B|=54[B|  =  625|B| 

=>  a  =  625 


3.  (B)  A  is  singular,  if  |A|  =0, 

A  is  Idempotent,  if  A2  =A 

A  is  Involutory,  if  A2  =7 

Now,  A2  =  AA  =  (AS)  A  =  A(BA)  =  AS  =  A 

and  B2  =BB  =(BA)B  =B(AB)  =BA  =B 

=>  A2  =  A  and  B2  =B, 

Thus  A  &  B  both  are  Idempotent. 


-5 

-8 

0" 

-5 

-8 

0" 

4.  (B)  Since,  A2  = 

3 

5 

0 

3 

5 

0 

1 

2 

-1 

1 

2 

-1 

10  0 
0  10 
0  0  1 


=  1, 


A2  =1 


A  is  involutory. 


5.  (B)  Let  A  =  [ay]  be  a  skew-symmetric  matrix,  then 

A  —  —  A  ,  =>  cty  =  —  a , 

if  i=j  then  au=-au  =>  2a„  =0  =>  au=  0 

Thus  diagonal  elements  are  zero. 

6.  (C)  A  is  orthogonal  if  AA'1  =1 

A  is  unitary  if  AAQ  =1  ,  where  AQ  is  the  conjugate 
transpose  of  A  i.e.,  AQ  =(A)r. 

Here, 


1 

i 

1  i 

T  0" 

i 

a/2 

i 

V2 

i 

V2 

1 

V2 

0  1 

Thus  A  is  unitary. 
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7.  (A)  A  square  matrix  A  is  said  to  be  Hermitian  if 
Aq  =  A.  So  atJ  =  a  a  .  If  i  =  j  then  au  =  a„  i.e.  conjugate  of 
an  element  is  the  element  itself  and  au  is  purely  real. 

8.  (C)  A  square  matrix  A  is  said  to  be  Skew-Hermitian 
if  Aq  =  -  A.  If  A  is  Skew-Hermitian  then  AQ  =  -  A 

^  aji  =  ~  aij  ’ 

if  i=j  then  au  =-au  =>  au  +  au  =0 

it  is  only  possible  when  au  is  purely  imaginary. 


9.  (D)  A  is  Hermitian  then  A9  =  A 
Now,  (iA)Q  =  i  Aq  =-iAQ  =  -  iA,  => 
Thus  iA  is  Skew-Hermitian. 


(iA)Q=-(iA) 


10.  (C)  A  is  Skew-Hermitian  then  AQ  =  - A 


11.  (C)  If  A=[a,U  then  detA=[c,]L 


Where  c„  is  the  cofactor  of  a„ 


Also  Cy=(-1)‘ 


JM„ 


where  M„  is  the  minor  of  a,, 

LJ  lJ 


obtained  by  leaving  the  row  and  the  column 
corresponding  to  au  and  then  take  the  determinant  of 
the  remaining  matrix. 

1  -2 


Now,  Mn  =  minor  of  an  i.e.  -1  = 


-2 


=  -3 


Similarly 
2 


Mw  = 


m21  = 


M23  ~ 


M32  ~ ' 


2 

-2 

-2 

-1 

2 

-1 


-2 

1 

-2 

1 

-2 

-2 

-2 

-2 


=  6 


M 13  = 


=  -  6  ;  M22  = 


=  6 


M  31  = 


=  6  ;  M33  = 


2  1 

2  -2 
-1  -2 
2  1 

-2  -2 

1  -2 

-1  -2 
2  1 


=  -  6 

=  3  ; 

=  6  ; 

=  3 


M12  =  -6 


Cn  =(-l)1+1  Mu  =-3;  C12  =(-l)1 
C13=(-l)1+3M13  =  -6;  C21  =(-l)2+1  M21  =6; 
C22  =(-l)2+2  M22  =  3;  C23  =(-l)2+3  M23  =  -6; 
C31  =(-l)3+1  M31  =  6;  C32  =(-l)3+2  M32  =  -6  ; 
C33  =(-l)3+3 


!M33  =  3 


det  A  = 


-3  -6  -6 
6  3-6 

6-6  3 


=  3 


C13 

C2: 

a. 


-1  -2 

2  1 

2  -2 


-2 

-2 

1 


=  3A1 


12.  (A)  Since  A-1  =  - — -  adjA 

A 


Now,  Here  |A|  = 


-1  2 
3  -5 


=  -l 


Also,  adj  A  = 

1 


A1  =- 


-1 


-5  -3 

-2  -1 

-5  -2 

-3  -1 


adj  A  = 


-5 

-3 


-2 

-1 


13.  (A)  Since,  A  1  =-t-adjA 

A 


1 

|A|  =  5 
3 


0 

2 

1 


0 

0=4*0, 

2 


Hermitian. 

4 

10 

-10" 

T 

'  4 

0 

O' 

adj  A  == 

0 

2 

-1 

= 

10 

2 

0 

0 

0 

2 

-1 

-1 

2 

A"1  = 


4  0 

10  2 
-1  -1 


14.  (B)  A  matrix  A(mxn)  is  said  to  be  of  rank  r  if 

(i)  it  has  at  least  one  non-zero  minor  of  order  r,  and 

(ii)  all  other  minors  of  order  greater  than  r,  if  any;  are 
zero.  The  rank  of  A  is  denoted  by  p(A).  Now,  given  that 
p(A)  =2  — >  minor  of  order  greater  than  2  i.e.,  3  is  zero. 

2-1  3  , 

'  =0 


Thus  A  = 


7 

4 


=>  2(35  —  4A.)  +  1(20  —  A)  +  3(16  -7)  =0, 

=>  70  -8^  +  20  -X  +  27  =0, 

=>  91  =  117  =>  A.  =  13 

15.  (A)  The  correct  statements  are 
(AB)r  =BrAr,  (AB)'1  =B-1A"1, 
adj  ( AB)  =  adj  (B)adj(A) 
p(AB)  *  p(A)  p(B),  |AB|  =  | A  ■  |B| 

Thus  statements  I,  II,  and  IV  are  wrong. 


16.  (B)  Since 

|A|  =2(-9  +  8)  +  2(-2  +  3)  =  -2+2=0 
=>  p(A)  <  3 

2  1 


Again,  one  minor  of  order  2  is 
=>  p(A)  =2 


0  3 


=  6*0 
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3-X  5 

=>  =0 
-4  -5-X 

==>  (3  -  X)(-5  - X)  +  16  =0  - 15  +  X2  +  2X  +  16  =0 

=>  X2  +  2X  + 1  =  0  ==>  (X+1)2=0  ==>  X  =  -l,-l 
Thus  eigen  values  are  -1,-1 


24.  (C)  Characteristic  equation  is  |A  -  XI|  =  0 


8  -X 


=> 


-6 

2 


-6 
7  -X 
-4 


2 
-4 
3  -  X 


=  0 


=>  X2 -18X2 +45X=0 

==>  X(X  -  3)(X  - 15)  =0  =>  X  =0 , 3 , 15 


31.  (A)  Since  A(adj  A)  =  |A|I3 


A(adj  A)  =2 


1 

0 

0" 

"2 

0 

0" 

0 

1 

0 

= 

0 

2 

0 

0 

0 

1 

0 

0 

2 

32.  (A)  Since  the  sum  of  the  eigenvalues  of  an  n-square 
matrix  is  equal  to  the  trace  of  the  matrix  (i.e.  sum  of  the 
diagonal  elements) 

so,  required  sum  =  8+  5+  5=  18 

33.  (B)  Since  the  product  of  the  eigenvalues  is  equal  to 
the  determinant  of  the  matrix  so  |A|  =  1  x  2  x  5  =  10 


25.  (B)  If  eigen  values  of  A  are  X1,  X2,  X3  then  the  eigen 
values  of  kA  are  k\,  kX2  ,  kX3.  So  the  eigen  values  of  2 A 
are  2,-4  and  6 

26.  (B)  If  Xj  ,  X2  , . ,  X  n  are  the  eigen  values  of  a 

non-singular  matrix  A,  then  A-1  has  the  eigen  values 

— ,  . .  .  Thus  eigen  values  of  A'1  are  —  ,  —  , 

X,  X2  X  n  e  2  3 

-1 

T ' 


27.  (B)  If  Xj,  X2, . ,  X  n  are  the  eigen  values  of  a  matrix 

A,  then  A2  has  the  eigen  values  X^,  X2,  . ,  X  2.  So, 

eigen  values  of  A2  are  1,  4,  9. 


28.  (B)  If  Xj,  X2  X  n  are  the  eigen  values  of  A  then 


the  eigen  values  adj  A  are 


I A  |  |A| 

xTX 


;  |A|  +  0.  Thus 


4  -4 

eigenvalues  of  adj  A  are  —  ,  —  i.e.  2  and-1. 


29.  (B  )  Since,  the  eigenvalues  of  A  and  AT  are  square  so 
the  eigenvalues  of  A1  are  2  and  4. 

30.  (B)  Since  1  and  3  are  the  eigenvalues  of  A  so  the 
characteristic  equation  of  A  is 

(X  - 1)  (X  -  3)  =0  z^>  X2  -  4X  +  3  =  0 

Also,  by  Cayley-Hamilton  theorem,  every  square 

matrix  satisfies  its  own  characteristic  equation  so 

A2  - 4A  +  3I2  =0 

=>  A2  =  4A  -  3I2 

zz>  A3  =  4A2  -  3A  =  4(4 A  -  31)  -  3A 

zz>  A3  =  13A  -  12I2 


34.  (C) 

cos  0  cos  <|)cos  (0  -  <|>) 
cos  (|)sin  0cos  (0  -  (|>) 


AB 


cos  0  sin  (|)cos  (0  -  <|)) 
sin  0  sin  (|>cos  (0  -  (|>) 


=  A 


null  matrix  when  cos  ( 0  —  <())=  0 


This  happens  when  (0  —  c())  is  an  odd  multiple  of  — . 

2 


35.  (C)  Since  A  +  B  is  defined,  A  and  B  are  matrices  of 
the  same  type,  say  mx  n.  Also,  AB  is  defined.  So,  the 
number  of  columns  in  A  must  be  equal  to  the  number  of 
rows  in  B  i.e.  n  =  m.  Hence,  A  and  B  are  square  matrices 
of  the  same  order. 


36.  (A)  Let  tan  —  =  t, 
2 


1  .  2  a 

1  -  tan  — 

n 

then,  cos  a  = - — 

1  +  tan2  — 
2 


1-t2 
t  +  t2 


2  tan- 

and  sin  a  =  - - — 

1  +  tan  — 
2 


2 1 

1  +  £2 


(I -Al¬ 


ois  a 
sin  a 


-sin  a 
cos  a 


x 


cos  a 
sin  a 


-sin  a 
cos  a 


1-t2  -2 1 

1  +  t2  (1  +  t2) 
2 1  1-t 2 

(l  +  £2)  1  +  f 2 


-t 

1 


1 

tan 


=  (I  +  A) 
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CO 

1 

4^ 

1 

CO 

oo 

1 

LO 

1  - 1 

1  - 1 

2  -3 

where  n=  2. 


37.  (B)  A2  = 

1+2 n  -4 n 
n  1-2  n 

38.  (D)  A„  -Ap  = 

cos(a  +  p)  sin(a  +  p) 

-sin(a  +  p)  cos  (a  +  p) 

Also,  it  is  easy  to  prove  by  induction  that 

(A„r  = 


=  A„ 


“1  3" 

1  2  0" 

2  -1 

3  -1  4 

0  4 

45.  (C)  AAr  = 


(1X1)  +  (2)(2)  +  (0X0)  (1)(3)  +  (2)(— 1)  +  (0)(4) 

(3)(1)  +  (-1)(2)  +  (4)(0)  (3)(3)  +  (-1)(-1)  +  (4)(4) 


cos  a 

sin  a 

COS  p 

sin  p 

"5 

1 

-sin  a 

cos  a 

-sin  p 

cos  p 

— 

1 

26 

cos  na 

sin  na 

|A|jJ 

5 

2 

-sin  na 

cos  na 

2 

1 

46.  (B)  if  | A|  is  zero,  A  1  does  not  exist  and  the  matrix  A 
is  said  to  be  singular.  Only  (B)  satisfy  this  condition. 

=  (5X1) -(2)(2)  =1 


39.  (A)  We  know  that  adj  (adj  A)  =  |A|"  2  ■  A. 

Here  n  =  3  and  |A|  =  3. 

So,  adj  (adj  A)  =  3(3'2)  ■  A  =  3A. 

40.  (C)  We  have  |adj  (adj  A)|  =  |A|('“1)2 
Putting  n  =  3,  we  get  |adj  (adj  A)|  =  |A|4. 


47.  (A)  A  skew  symmetric  matrix  An  xn  is  a  matrix  with 
A2  =  -A.  The  matrix  of  (A)  satisfy  this  condition. 


48.  (C)  AB  = 


1  1  O' 

T 

0 

1 

axi)+(ixo)+(o)(i)' 

!  0  1 

(1)(1)+ (0)(0) +  (!)(!)_ 

1 

2 


41.  (C)  Let  B=  adj  (adj  A2). 


=  |adj  (adj  A2)|  = 

[  MHAf] 


,i(3-ir 


42.  (C) 


2x 

0“ 

i 

0" 

1 

O' 

X 

X 

-i 

2 

0 

1 

2x 

0  " 

1 

O' 

0 

2x 

0 

1 

49.  (C)  For  orthogonal  matrix 

detM  =  l  And  M  1  =  Mr,  therefore  Hence  D_1  =D7 


matrix. 

rA  c" 

^  i  1 

0 

-B] 

IB3!3'1  =  B2 

Dr  = 

B  0 

=  D~1  = 

-BC 

-C 

A 

CO 

oq 

II 

CO 

II 

<N 

This  implies  B  =  — — 
-BC 

B 

_  1 
B 

=>  B=±  1 


So,  2x  =  l 


43.  (D)  Inverse  matrix  is  defined  for  square  matrix  only. 


Hence  B  =  1 


50.  (B)  From  linear  algebra  for  Anxn  triangular  matrix 

n 

detA  =  P[  au,  The  product  of  the  diagonal  entries  of  A 


51.  (C  ) 


dA 

dt 


d(t2)  d( cos  t) 


dt  dt 

d(e‘)  d(sin  t) 

dt  dt 


2 1  -sinf 
e'  cos  t 


44.  (C)  AB  = 


'(2X1)  +  (-D(3) 
(1XD  +  (0)(3) 
(-3X1)  +  (4)(3) 


(2)(— 2)  +  (-1X4) 
( 1)(— 2)  +  (0)(4) 
(— 3)(— 2)  +  (4)(4) 


(2)(-5)  +  (-1X0) 
(1)(— 5)  +  (0)(0) 
(— 3)(— 5)  +  (4)(0) 


-1 

-8 

-10 

1 

-2 

-5 

9 

-22 

15 

52.  (A)  If  detA  +  0,  then  Anxn  is  non-singular,  but  if 

An  xn  is  non-singular,  then  no  row  can  be  expressed  as  a 
linear  combination  of  any  other.  Otherwise  detA=0 
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n  If  fix)  =  x3  -  6x2  +  llx  -  6  is  on  [1,  3],  then  the  point 
c  ]  1,  3  [  such  that  f'ic)  =  0  is  given  by 


(A)  c  =2  ±  — L- 

V2 

(C)  c  =2  +  — 

2 


(B)  c=2±^L 

V3 

(D)  None  of  these 


3  Let  fix)  =  sin2x,  0  <  x  <  f  and  f'ic )  =0  for  c  ]0,  f  [. 
Then,  c  is  equal  to 

(A)  *  (B)  * 

4  3 

(C)  -  (D)  None 

6 


j  A  point  on  the  curve  y  =  -J  x  -  2  on  [2,  3],  where  the 
tangent  is  parallel  to  the  chord  joining  the  end  points  of 
the  curve  is 


(A) 

(C) 


0  Let  f{x)  =  x(x  -  l)(x  -2)  be  defined  in  [0,  Then,  the 
value  of  c  of  the  mean  value  theorem  is 
(A)  0.16  (B)  0.20 

(C)  0.24  (D)  None 


3  Let  fix)  =  xix  +  3)e  2,  -3  <  x  <0.  Let  c  ]  -  3, 0  [  such 
that  f'ic)  =0.  Then,  the  value  of  c  is 
(A)  3  (B)  -3 

(0-2  (D)-- 

2 


3  Let  fix)  =  -y/x2  -  4  be  defined  in  [2,  4].  Then,  the  value 
of  c  of  the  mean  value  theorem  is 

(A)  -V6  (B)  V6 

(C)  V3  (D)  2V3 


3  If  Rolle’s  theorem  holds  for  fix)  =  x3  -  6x2  +kx 

LI,  3]  with  c  =  2  +  ,  the  value  of  k  is 

V  3 

(A)  -3  (B)  3 


5  on 


(C)  7 


(D)  11 


3  Let  fix)=ex  in  [0,  1].  Then,  the  value  of  c  of  the 

mean-value  theorem  is 

(A)  0.5  (B)  ie  - 1) 

(C)  log  ie  - 1)  (D)  None 


A  point  on  the  parabola  y=(x-3)2,  where  the 

,  ,  .  i,  1  ,  .,  ,  ,  .  .  .  *  /o  jD/i  EE  At  what  point  on  the  curve  y  =(cos  x  - 1)  in  ]0,  2n[ 

tangent  is  parallel  to  the  chord  joining  A  (3,  0)  and  B  (4,  “  1  ‘  1 

1 .  .  is  the  tangent  parallel  to  x  -axis  ? 


(A)  (7,  1) 

“’(I--1) 

(B)  (n, -2) 

(C#f) 

(D)  None  of  these 
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m  log  sin  (x  +  h)  when  expanded  in  Taylor’s  series,  is 
equal  to 

(A)  log  sin  x  +  h  cot  x  -  —  h2  cosec2  x  + ... 

2 


m  If  u  =  tan  1 


(A)  2  cos  2  u 


(  \ 

x  +  y 

Vx  +  Jy 


, ,  du  du  , 

,  then  x  —  +  y  —  equals 

dx  dy 

(B)  —  sin  2 u 
4 


(B)  log  sin  x  +  h  cot  x  +  —  h2  sec2  x  ■ 
2 


(C)  —  tan  u 
4 


(D)  2  tan  2  u 


(C)  log  sin  x  -  licot  x  +  —  h2  cosec2  x 

2 

(D)  None  of  these 


m  sin  x  when  expanded  in  powers  of  [  x  -  ^  I  is 


(A)  1- 


(B)  1  - 


(C)  |  x~£|  + 


/  \2 

/  \3 

f  \2 

(  71  | 

1  71  1 

f  71 1 

X  — 

x  — 

X  — 

l  2  J 

l  2  J 

l  2  J 

2  ! 

3! 

HI  1 

2  ! 

4! 

4! 


■  + ... 


f  K) 

3 

I 

X  — 

l  2  J 

1 

t  2  J 

3! 


5! 


(D)  None  of  these 

x  when  expanded  in  Taylor’s  series,  gives 


EQtanl  71 


(A)  1+X  +  X  H - X  +... 

3 

(B)  1  +  2x  +  2x2  +-x3+.. 

3 

.  x2  x4 

(C)  1  +  —  +  —  +  ... 

2!  4! 


(D)  None  of  these 

21  If  u  =  exyz,  then  — ^  U  is  equal  to 

dxdydz 

(A)  exyz[l+xyz  +  3x2y2z2] 

(B)  exyz  [1  +  xyz  +  x3y3z3] 

(C)  exyz  [1  +  3xyz  +  x2y2z2] 

(D)  e^2  [1  +  3xyz  +  x3y3z 3] 


fB  If  u  =  tan  1  x  +  \  +  x  y  W  ;  then  the  value  of 


x2  -  xy  +  y2 


du  du  . 

x - h  y  —  is 

dx  dy 

(A)  —  sin  2  u 
2 

(C)  sin  u 


[0  If, 


(B)  sin  2u 
(D)  0 


x\|/|  —  |,  then  the  value  of 


9  o  u-  n 

x  — -  +  2  xy- 


dx 2  12  dx  dy 


(A)  0 
(C)  2 u 


y  2 

dy 

(B)  u 
(D)  -u 


,  is 


dz 

m  If  z  =ex  sin  y,  x=  loge  t  and  y  =t2,  then  —  is  given 
by  the  expression 


dt 


(A)  —  (sin  y  _2t2  cos  y) 


(C)  —  (cos  y  +  2t2  sin  y) 


(B)  —  (sin  y  +  2t2  cos  y) 


(D)  —  (cos  y  _2t2  sin  y) 


2S1  If  z=z(u,v),  u  =  x2  -  2xy  -  y2,  v=a,  then 

(A)  (x  +  y)  —  =(x -y)  —  (B)  (x  -y)  —  =(x  +  y)  — 

dx  dy  dx  dy 

(C)  (x  +  y)  —  ={y  -  x)  —  (D)  (y  -  x)  —  =(x  +  y)  — 

ox  dy  ox  dy 


m  If  fix,  y)=0,  c|(y,  z)  =0,  then 


(A)  ^  ^  ^  ^  d z 
dy  dz  dx  dy  dx 


(C) 


df  d(|)  dz  _  df  5<|> 
dy  dz  dx  dx  dy 


(B)  M  .  — 

dy  dz  dx  dx  dx 


(D)  None  of  these 


If  z  =  fix  +  ay)  +  <Kx  -  ay),  then 


(A)  ^4=a2^4 


(C) 


dx2 

d2z 

dy2 


dy 2 


1  8  z 
a2  dx2 


d2z  2  d2z 

,BV“V 


/T,.  8  z  2  oz 


If  z  =i/x2  +  y2  and  x3  +  y3  +  3  axy  =5a2,  then  at 
dz  . 


x  =  a,  y  =  a,  —  is  equal  to 
dx 

(A)  2a 


(C)  2a2 
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£{[2  If  x  =  r  cos  0,  y  =  r  sin  0  where  r  and  0  are  the 
dx 

functions  of  x,  then  —  is  equal  to 
dt 


, . ,  „dr  .  ,  dQ 

(A)  r  cos  0 - r  sin  0  — 

dt  dt 

„  dr  .  .(10 

(C)  r  cos  0  —  +  sin  0  — 
dt  dt 


,tj>  a  dr  ■  a  dQ 

(B)  cos  0 - rsin  0  — 

dt  dt 

adr  ■  adQ 

(D)  r  cos  0 - sin  0  — 

dt  dt 


Tr  9  2  2j_i  dr  8  r  .  , 

if  r  =  x  +  y  ,  then  — -  +  — -  is  equal  to 

dx 2  8y2 


dr 


(A)  r  {  ^ 


dx 


dr 


dr 


dy 


dr 


(B)  2r  {  A-  +  ^ 


dx 


dr 


dy 


(C)^l^- 

dx 


2  r 


dr 

dy 


(D)  None  of  these 


E-til  If  x  =  r  cos  0,  y  =r  sin  0,  then  the  value  of 
is 

(A)  0  (B)  1 


d2e  t  d  Q 

*  cy' 


(C)  — 
dx 


(D)  — 
dy 


Bill  If  u  =  xn  lyfy  —  \  then  x 

(A)  nu 

(C)  (71-1)  — 
dx 


d2u  d2y  .  ,  , 

— -  +  y  — —  is  equal  to 

dx2  dy  dx 

(B)  n{n  -  l)u 

(D)(n-D  — 

dy 


gJJ  Match  the  List-I  with  List-II. 

List-I 

„  x2y  d2u  d2u 

(i)  If  u  = - then  x  — 5-  +  y  - 

dx2 


x  +  y 


dx  dy 


1 

T„  x2  -  y2  ,  2  d2«  „  d2u 

(11)  If  u  =  — : - r  then  x  — 5-  +  2  xy - 

i  i  dx2  dxdy 

x  4+y4 


2  d2u  „  d2u 


(iii)  If  u  =  x2  +  y2  then  x  — 5-  +  2 xy 


dx2  "  dx  dy 


du  du 


(iv)  If  u  =  f  —  then  x - 1 -  y  — 


dx 


List-II 


111  -5“ 


dy 


(2) 


du 

dx 


dy2 

2 

dy2 


ETS1  If  u  =  xmyn,  then 

(A)  du  =  mxm~1yn  +  nxm yn~ 1  (B)  du  =  mdx  +  ndy 
(C)  udu  =  mxdx  +  nydy 


/T_  du  dx  dy 

(D)  -  =  777 —  +  n  — 

u  x  y 


to 


(A)  -  - 


(C)  - 


y 

2  a2x4 

y5 


z  =  tan  1  —  ,  then 


d2y 

If  y3  -  3 ax2  +  x3  =0,  then  the  value  of  — y-  is  equal 

dx2 


(B) 


2  a2x2 


(D)  - 


y 

2  a2 x2 


(3)  0 

Correct  match  is — 

(I)  (II) 

(A)  1  2 

(B)  2  1 

(C)  2  1 

(D)  1  2 


(A)  ~-u 
4 


(HI) 

3 

4 

3 

4 


(IV) 

4 

3 

4 
3 


If  an  error  of  1%  is  made  in  measuring  the  major 
and  minor  axes  of  an  ellipse,  then  the  percentage  error 
in  the  area  is  approximately  equal  to 

(A)  1%  (B)  2% 

(C)  71%  (D)  4% 


(A)  dz  = 


(C)  dz  = 


xdy  -  ydx 
x2  +  y2 

xdx  -  ydy 
x 2  +  y2 


ETil  If  u  =log 

(A)  0 
(C)  u 


x2  +  y2 
x  +  y 
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(B)  dz  = 
(D)  dz 


xdx  +  ydx 
x2  +  y2 

xdx  -  ydy 
x2  +  y2 


then  x  —  +  y  —  is  equal  to 

dx  dy 


(B)  1 

(D)  eu 


Bril  Consider  the  Assertion  (A)  and  Reason  (R)  given 
below: 


Assertion  (A):  If  u  =  xyf\  —  L  then  x  —  +  y  —  =2 u 


du  du 


dx 


dy 


Reason  (R):  Given  function  u  is  homogeneous  of 
degree  2  in  x  and  y. 

Of  these  statements 

(A)  Both  A  and  R  are  true  and  R  is  the  correct 
explanation  of  A 
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(B)  Both  A  and  R  are  true  and  R  is  not  a  correct 
explanation  of  A 

(C)  A  is  true  but  R  is  false 

(D)  A  is  false  but  R  is  true 


If  u  =  x  log  xy,  where  x3  +  y3  +  3 xy  =  1,  then  —  is 


equal  to 

(A)  (1  +  log  xy)  - 

yly  +*, 


(B)  (1  +  logxy)-^ 

x  l  x  +  y 


dx 


(C)  (1  -  log  xy)  - 


x  x  +  y 

y  ly2  + 


(D)(l-logry)-Z 

x\x  +  y 


(A)  z 
(C)  xz 


If  z  =  xyf\  —  1,  then  x  — 
dx 


y  —  is  equal  to 

dy 

(B)  2 z 
(D)  yz 


^3  fix)  =2x3  -  15x2  +  36x  +  1  is  increasing  in  the 
interval 

(A)  ]  2,  3  [  (B)  ]  -oo,  3  [ 

(C)  ]  -oo,  2  [u  ]  3,  oo  (D)  None  of  these 


fix)  = 


(x2  +  1) 


is  increasing  in  the  interval 


(A)  ]  -00,  -  1  [  U  ]  1,  00  [ 

(C)  ]  -1,  00  [ 


(B)  ]  -1,  1  [ 

(D)  None  of  these 


m  fix)  =  x4  -2x2  is  decreasing  in  the  interval 
(A)  ]  -oo,  -1  [  u  ]  0,  1  [  (B)  ]  -1,  1  [ 

(C)  ]  oo,  -1  [  u  ]  1,  oo  L  (D)  None  of  these 

fix)  =  x9  +  3x7  +  6  is  increasing  for 

(A)  all  positive  real  values  of  x 

(B)  all  negative  real  values  of  x 

(C)  all  non-zero  real  values  of  x 

(D)  None  of  these 


If  a  <0,  then  fix)  =e 
(A)  x  >  0 
(C)  x  >  1 


ax  ,  -ax 


e  ~  is  decreasing  for 
(B)  x  <0 
(D)  x  <  1 


fEl  fix)  =  x2e  *  is  increasing  in  the  interval 
(A)  ]  -oo,  oo  [  (B)  ]  -2,  0  [ 

(C)  ]  2,  oo  [  (D)  ]  0,  2  [ 

The  least  value  of  a  for  which  fix)  =  x2  +  ax  +  1  is 
increasing  on  ]  1,  2,  [  is 
(A)  2  (B)  -2 

(C)  1  (D)  -1 

m  The  minimum  distance  from  the  point  (4,  2)  to  the 

parabola  y2  =  8x,  is 

(A)  V2  (B)  2V2 

(C)  2  (D)  3V2 

[0  The  co-ordinates  of  the  point  on  the  parabola 
y  =  x2  +  7x  +  2  which  is  closest  to  the  straight  line 
y  =  3x  -  3,  are 

(A)  (-2,  -8)  (B)  (2,  -8) 

(C)  (-2,  0)  (D)  None  of  these 

The  shortest  distance  of  the  point  (0,  c),  where 
0  <  c  <  5,  from  the  parabola  y  =  x2  is 

V^c  +  l 


(A)  V4c  +  1 

V4c-1 


(C) 


(B) 


(D)  None  of  these 


m  The  maximum  value  of  f  —  1  is 


(A)  e 


(C) 


(B)  e  8 

(D)  None  of  these 


The  minimum  value  of  |  x 

(A)  75 
(C)  25 


250 
x 

(B)  50 
(D)  0 


is 


fBI  If  fix)  =kx3  -9x2  +  9x  +  3  is  increasing  in  each 
interval,  then 

(A)  k  <  3  (B)  k  <  3 

(C)  A  > 3  (D)  k>3 
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(A)  3  (B)  3V3 

3V3 


(C)  4 


(D) 
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Til  The  greatest  value  of 


fix)  = 


sin  2x 


.  1 

n  ^ 

sin 

F  +  T 

on  the  interval  [0,  f  ]  is 


(A)  -A- 

V2 

(B)  V2 

(C)  1 

(D)  -J2 

If  y  -  a  log  x  +  bx2  +  x  has  its  extremum  values  at 
x  =  -1  and  x  =  2,  then 


(A)  a=-|,  b=  2 

(C)  a  =2,  b  =  ~- 
2 


(B)  a  =2,  6  =  -l 
(D)  None  of  these 


^3  The  co-ordinates  of  the  point  on  the  curve 
4.x2  +  5 y2  =20  that  is  farthest  from  the  point  (0,  -2)  are 
(A)(V5,0)  (B)(V6,0) 

(C)  (0,  2)  (D)  None  of  these 


For  what  value  of  x0<x< 


the  function 


y  = - has  a  maxima  ? 

(1  +  tan  x) 

(A)  tan  x  (B)  0 

(C)  cot  x  (D)  cos  x 


SOLUTIONS 

1.  (B)  A  polynomial  function  is  continuous  as  well  as 
differentiable.  So,  the  given  function  is  continuous  and 
differentiable. 

fi  1)  =0  and  fi 3)  =0.  So,  f(T)=f(3). 

By  Rolle’s  theorem  Ec  such  that  f'(c)  =0. 

Now,  f'ix)  =  3x2  -  12x  +  11 
=>  f'  (c)  =  3c2  -12c +  11. 

Now,  f'ic)  =0  =>  3c2 -12c +  11=0 


2.  (A)  Since  the  sine  function  is  continuous  at  each 

K 


x++R,  so  fix)  =sin  2x  is  continuous  in 


0,- 


Also,  fix)  =2  cos  2x,  which  clearly  exists  for  all 

x  ++  ]0,  —  [  .So,  fix)  is  differentiable  in  x  <=>  ]0,  —  [. 

2  2 


Also,  fi 0)  =  f\ 


=  0.  By  Rolle’s  theorem,  there  exists 


c  ++  ]0,  —  [  such  that  f'ic)  =0. 

2 

2cos2c=0  =>  2c  =  —  =>  c  =  —  . 

2  4 


3.  (C)  Since  a  polynomial  function  as  well  as  an 
exponential  function  is  continuous  and  the  product  of 
two  continuous  functions  is  continuous,  so  fix)  is 
continuous  in  [-3,  0]. 

X  1  X  X 

f'ix)  =i 2 x  +  3)  •  e  2  —  e  2ix2  +  3x)=e  2 
2 


x  +  6  -  x2 
2 


which  clearly  exists  for  all  x  ++  ]  -  3,  0  [. 
fix)  is  differentiable  in  ]  -3,  0  [. 


Also,  fi-3)  =fi0)  =0. 

By  Rolle’s  theorem  c  ++  ]  -3,  0  [  such  that  f'ic)  =0. 

+  6  -  c2 


Now,  f'ic)  =0 


=  0 


c+6-c2=0  i.e.  c2-c-6=0 

=>  (c  +  2) (3  - c)  =0  =>  c=— 2,  c  =  3. 

Hence,  c  =  -2  ++  ]  -3,  0  [  . 


4.  (D)  f'ix)  =  3c2  -  12x  +  k 

f'ic)  =0  =>  3c2  -  12c  +  k=Q 
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r [l  -°,r  fi-1 . 


2  du  2  du  1  , 

x  sec  u  —  +  y  sec  u  —  =  —  tan  u 
dx  dy  2 

du  du  1  .  l-o 

=>  x —  +  y — =  —  sin  u  cos  u  =  —  sin  2  u 
dx  dy  2  4 


13.  (B)  Let  /Xx)  =  tan  x  Then, 

/"'(x)  =  sec2,  fix)  =  2sec2x  tan  x, 
f"'ix)  =  2sec4x  +  4sec2x  tan2  x  etc. 

Now, 

r(f)=4,  rg)=i6, ... 

'  \  2  3 

Thus  tanl  —  +  x|  =  l  +  2x  +  —  •  4  +  —  ■  16  + ... 


—  1  +  2x  +  2x  h —  x  +... 

3 


14.  (C)  Here  u=exyz 

r*l 

0  U  xvz  xvz 


dxdy 

d3u 


=  exyz  •  (1  +  2  xyz)  +  (z  +  xyz  )  exyz  ■  xy 


dxdydz 
=  e*yza  +  3xyz  +  x2y2z2) 

15.  (B)  z  =  fix  +  ay)  +  (f(x  -  ay) 
c)z 

—  =  f  '  ( x  +  ay)  +  4>'  ( x  -  ay) 
dx 

^—^  =  f"ix  +  ay)  +  (|)"(  x  —  ay) — (1) 
dx 

3z 

—  =  af'i  x  +  ay)  -  aisf  ( x  -  ay) 
dy 


cfz 

dy 


2  =  a2f”(x  +  ay)  +  a2<|)"(x  -  ay). ...(2) 


Hence  from  (1)  and  (2),  we  get 


d2z 


dy 


d  z 


2  =a  -  2 
dx 


17.  (A)  Here  tan  u  =  x*  +  f  +  x*y  ^  =  f  (say) 

x  -  xy  +  y 

Which  is  homogeneous  of  degree  1 

™  df  8f  r 

Thus  x  —  +  y  —  =  f 
dx  dy 

As  above  question  number  16  x—  +  y—  =  —  sin2u 

dx  dy  2 


18.  (A)  Let  v  =  <H  —  |  and  w  =  xM  y 


Then  u  =  v  +  w 

Now  v  is  homogeneous  of  degree  zero  and  uj 
homogeneous  of  degree  one 


—  =exyz-yz 
dx 

2  d2 v  _  d2v  2  d2v  n  ... 

=>  *  ,  2  +2xy  .  -  .  2  =°  -CD 

ox  ox  dy  dy 

(z  +  xyz2) 

,  2  d2  W  r,  O2  W  2  d2  W  r,  /o  x 

and  x  — -  +  2xy - +  y  — r=0....(2) 

5x  dxdy  dy2 

Adding  (1)  and  (2),  we  get 

"2  ^  (v  +  w)  +2xy— ' - — (v  +  w)  +  y2 -^(v  +  w)  =  0 


dx 


dx  dy 


dy 2 


dlu 


d  u 


o  U  U  ^  U  U  9  8  U  ~ 

x  — 5-  +  2xy - +  y  — =0 

dx2 


dx  dy  "  dy2 
dz 


19.  (B)  z  =ex  sin  y  =. 

dx 

And  —=ex  cos  y,  x  =  loge  t 

dy 


■■  e  sin  y 


dx  _  1 
dt  t 


And  y  =t2 


dy 

dt 


=  2 1 


dz  _  dz  dx  dz  dy 
dt  dx  dt  dy  dt 

=  ex  sin  y  •  ^  +  ex  cos  y  •  2 1  =  ^-(sin  y  +  2t2  cos  y) 


f 


16.  (B)  u  =  tan  1 


x  +  y 


tan  u  = 


v 

x  +  y 


Vx  +  x[y 


=  f  (say) 


Vx  +  -jy 

Which  is  a  homogeneous  equation  of  degree  1/2 

By  Euler’s  theorem,  x  —  +  y  —  =  —  f 
dx  dy  2 

5(tan  u)  d(tan  u)  1  , 

=>  x - 1-  y - =  —  tan  u 

dx  dy  2 


20.  (C)  Given  that 

z=z(u,v),  u  =  x2  -2xy  -  y2,  u=a....(i) 

dz  _dz  du  +  dz  dv  ...^ 

dx  du  dx  dv  dx 

j  dz  dz  du  dz  dv  ..... 

and — = - —  + - ....(m) 

dy  du  dy  dv  dy 

From  (i), 

—  =2x  -2y  ,  —  =  -2x-2y,  —  =0,  —  =0 
dx  dy  dx  dy 
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Substituting  these  values  in  (ii)  and  (iii) 

dz  8z  .  dz  A  ... 

—  =  —  (2x  -2  y)  + - 0....(iv) 

dx  du  dv 

and  —  =  --(-2x  -2 y)  +  —  ■  0....(v) 

dy  du  dv 

From  (iv)  and  (v),  we  get 

(*  +  y)^-=(y  ~x)^~ 

ox  dy 


24.  (C )  r2  =  x2  +  y2  =>  —  =  2x  and  —  =  2y 

dx  dy 

,d2r  d2r  d2r  d2r 

and  — -  =  2  and  — -  =2  =>  — -  h - -  =2+2  +  4 

dx2  dy2  dx2  dy2 

and  +(^)  =  +  4y2  =  4r2 

|2„  a2„,  i  f/'a-'N2  Tg^T2^ 


!HL+'Ll- JL  Jf ^ 

dx2  dy2  r2  |y  dx 


dy 


21.  (C)  Given  that  fix,  y)  =0,  <\(y,  z)  =0 
These  are  implicit  functions 
df  d^> 

< 4=_dx  dff  _  _  dy_ 

dx  df_’  dy 

dy  dz 


{  df' 

dy  dz 

dx 

X 

dy 

dx  dy 

dt 

5<j) 

l  ^  j 

l  dz  ) 

df  d(|>  dz  df  d(|) 

or, - = - 

dy  dz  dx  dx  dy 


22.  (B)  Given  that  z  =  x 2  +  y2 

and  x3  +  y3  +  3axy  =5a2...(i) 

dz  dz  dz  dy  .... 

—  = —  + - — _ (n) 

dx  dx  dy  dx 


from  (i),  —  = 


dx  2  jx2  +y2 


..2  dy  ,  „  dy 


■  2x  ,  —  = 


dy  2  yjx2  +  y2 


•2y 


and  3x  +  3y - 1-  3ax - t  3ay.l  =  0 


dx 


dx 


dy 

dx 


Substituting  these  value  in  (ii),  we  get 


dz 


dx  ^/x2  +  y2  J 


x2  +  y2 


x  +  ay 
y2  +  ax 


dz 

dx 


(a, a) 


-ja 


2  1  a2 


■yja2  +  a2 


a  +  aa 
a2  +  a. a 


=  0 


25.  (A)  x  =  r  cos  9 ,  y  =  r  sin  0 


tan  9  = ' 


d0 


0  =  tan 


i  y 


-y 


-y 


and 


dx  1  +  iy/x)  \x  )  x  +y 
d20 _  -2xy 


dx2  (x2  +  y2)2 
d20 


„.  ..  ,  ^  ^  2xy  ,  d20  d20  A 

Similarly  =  a and  +  — T  =  0 

dy  (x  +  y  )  dx  dy 


26.  (D)  Given  that  u  =  xmyn 

Taking  logarithm  of  both  sides,  we  get 

log  u  =  m  log  x  +  n  log  y 

Differentiating  with  respect  to  x,  we  get 

1  du  1  1  dy  du  dx  dy 

- =  m - f  n - —  or,  —  =  m - 1-  n  ■  — ^ 

u  dx  x  y  dx  u  x  y 


27.  (D)  Given  that  fix,  y)  =y3  -  3ax2  +  x3  =0 
fx=- 6 ax  +  3x2  ,  fy  =  3y2  ,  4  =  -  6a  +  6x  , 

fyy  =  6y  ,  4=0 


f  x2  +  ay  | 

d2y  _ 

-ZfXfyfXy  +  fyyifXY~ 

l y2  +  ax  J 

dx2 

(fyY 

(6x  -  6a(3y2)2  -  0  +  6y(3x2  -  6ax)2 
(3y2)3 


= - A-ax3  -  ay3  +  4a2x2) 

y 

=  —  -^r  [-a(a3  +  y3)  +  4a2x2] 

y 


23.  (B)  Given  that  x  =  r  cos  0,  y  =  r  sin  0....(i) 

dx  _  dx  dr  +  dx  d0 
df  dr  df  d0  df 

From  (i),  —  =cos  0,  —  =  -  r  sin  0 
dr  d0 

Substituting  these  values  in  (ii),  we  get 

dx  „  dr  .  „  d0 

—  =  cos  0 - r  sin  0 - 

df  df  df 


= - G-a(3ax2)  +  4a2x2]  [  .'.  x3  +  y3  -  3ax2  =0] 

y 

2a2  x2 


r 


28.  (A)  Given  that  z  =tan  1  — ....(i) 

x 
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dz  dz  dz  dy  .... 

—  = —  + - —  ....(11) 

dx  dx  dy  dx 


From  (i) 


dz 

dx 


1  + 


x2  +  y2 


In  (c)  u  =  x  +  y  '  It  is  a  homogeneous  function  of 


degree  — . 
2 


2  d2u  _  d2u 
x  — =  +  2  xy 


dx' 


dx  dy 


y2  — j  =  n(n  -1)m 
dy 


dz  _  1  X 

1(1  ii  1 

dy  i  f^2  UJ  *2+y2 

2{2  J  4 

f  \ 

txj 

In  (d)u  =  f  A  It 

Substituting  these  in  (ii),  we  get 

VxJ 

dz  ~y,x  dy  xdy  -  ydx 

dx  x2  +  y2  x2  +  y2  dx  x2  +  y2 

zero. 

du  du  . 

x - tv  —  =  O.M 

dx  dy 

29.  (B)  u  —  log  *  +:y  ,  e“  =  X  +y  =f  (say) 
x  +  y  x  +  y 

f  is  a  homogeneous  function  of  degree  one 

df  df  j.  deu  deu  u 

x - t-  y —  =  f  =>  x - 1-  y - =e 

dx  dy  dx  dy 

Udu  Udu  u 

or  xe  —  +  ye  —  =  e 
dx  dy 

du  du  1 

or,  x - t-  y  —  =  1 

dx  dy 


30.  (C)  Given  that  u  =  xn  yf  \  —  \. 


It  is  a  homogeneous  function  of  degree  n 

Euler’s  theorem  x—  +  y  —  =  nu 

dx  dy 

Differentiating  partially  w.r.t.  x,  we  get 


d2u  du 


y 


d2u  ndu 


dx  dx  dy  dx  dx 

d2u  d2u  ,  du 

x  — 5-  +  y - =(n  —  1)  — 

dx  dy  dx  dx 


31.  (B)  In  (a)  u  = 


x2  y 
x  +  y 


It  is  a  homogeneous  function  of 


degree  2. 

d2u 


d  u 


du  du 


x  — -  +  y - =(n  —  1)  —  =  —  (as  in  question  30) 


dx 


dx  dy 


dx  dx 


xm  -  y1/2 

In  (b)  u  =  — Tj-. —  .  It  is  a  homogeneous  function  of 

x '  +  y ' 

degree  D-D  =  i 


2  32u  .  32 

x  —~  +  2xy 


dx2 


dx  dy 


dy2 


■  =  n(n  -  1)m 


1  (1  ,)  3 
4  4  J  16 


Hence  correct  match  is 
a  b  c 

2  1  3 


d 

4 


32.  (B)  Let  2a  and  26  be  the  major  and  minor  axes  of  the 
ellipse 

Area  A  =  nab 

=>  log  A  =  log  it  +  log  a  +  log  6 
=>  6(log  A)  =  6(log  it)  +  6(log  a)  +  5(log  6) 

6A  da  db 

=>  —  =0  +  —  +  — 

A  a  b 

=>  - 3A  = - da  + - db 

A  a  b 

But  it  is  given  that  da  =  1,  and  db  =  1 
a  b 


100 


0A  =1+1=2 


Thus  percentage  error  in  A  =2% 


33.  (A)  Given  that  u  =  xyf\  —  |.  Since  it  is  a  homogeneous 

v  > 

function  of  degree  2. 

By  Euler’s  theorem  x  —  +  y  —  =  nu  (where  n  =  2) 

dx  dy 

du  du 

thus  x  —  +  y  —  =2m 
dx  dy 


34.  (A)  Given  that  u  =  xlog  xy....(i) 

x3  +  y3  +  3xy  =  l....(ii) 

,  .  du  du  du  dy  .... 

we  know  that  —  = —  + - ....(n) 

dx  dx  dy  dx 

From  (i)  —  =  x  •  —  •  y  +  log  xy  =  1  +  log  xy 
dx  xy 

,  du  1  x 
and  —  =  x - x  =  — 


dy 


xy 
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From  (ii),  we  get 

3x2  +  3y2  ^  +  3  { x  ^  +  y  ■  ll  =0 
dx  \  dx  ) 


Substituting  these  in  (A),  we  get 


dii  x 

—  =(l  +  logxy)  +  - 
dx  y 


dy  _  f  x2  +  y 
dx  l^y2  +  x 


35.  (B)  The  given  function  is  homogeneous  of  degree  2. 

Euler’s  theorem  x  —  +  y  —  =  2z 

dx  dy 


36.  (C)  fix)  =  6x2  -  30x  +  36  =  6(x  -2)(x  -  3) 
Clearly,  f'(x)  >0  when  x  <2  and  also  when  x  >  3. 
f(x )  is  increasing  in  ]  -oo,  2  [  u  ]  3,  qo  [. 


37.  (B)  f'(x)  = 


(x2  +  1)  -2x2 
(x2  +  l)2 


1-x2 
(x2  + 1)2 


Clearly,  (x2  +  l)2  >0  for  all  x. 

So,  /v(x)>0  =>  (l-x2)>0 

=>  (1  -  x)  (1  +  x)  >0 

This  happens  when  -1  <  x  <  1. 

So,  f(x)  is  increasing  in  ]  -1,  1  L. 


38.  (A)  f(x)=4x3-4x  =  4x(x-l)(x  +  l). 

Clearly,  f'(x)  <  0  when  x  <  - 1  and  also  when  x  >  1. 
Sol.  fix)  is  decreasing  in  ]  -oo,  -1  [  u  ]  1,  co  [. 


Now,  D  =  yji2t2  -  4)2  +  (4t  -2)2  is  minimum  when 

E  =i2t2  -4)2  +(4t-2)2  is  minimum. 

Now,  E  =  4f  - 16 1  +  20 

=>  —  =  16t3- 16=16  it-l)it2  +t  +  l) 

dt 


dE 


dt 

d2E 

dt2 


= 0 


t  =  1 


=  48t2  .  So, 


d  E 
dt2 


=  48  >0. 


-i«=u 


So,  t  =  1  is  a  point  of  minima. 

Thus  Minimum  distance  =^/(2  -  4)2  +  (4  -2)2  =2^2. 


45.  (A)  Let  the  required  point  be  Pix,  y).  Then, 


perpendicular  distance  of  Pix,  y)  from  y  -  3x  +  3  =0  is 
|y  —  3x  +  3|  |x  +  7x  +  2  -  3x  +  3| 

p=  M0  VTo^ 

|x  +  4x  +  5|  |(x  +  2)  +  l|  _|_  2)2  +  1 

~Vio  "Vio  °rp-  Vio 

„  dp  2  (x  +  2)  d2p  2 
So,  —  =  — —  and  — r-  =  , — 
dx  VIO  dx  V 10 


4?=  o 

dx 


x  =  -2,  Also, 


(  d‘ 


P 


l  dx2 


>0. 


So,  x  =  -2  is  a  point  of  minima. 

When  x  =  -2,  we  get  y  =(-2)2  +  7  x  (-2)  +  2  =-8. 
The  required  point  is  (-2,  -  8). 


39. (C)  f'ix)=  9x8  +2 lx6  >0  for  all  non-zero  real  values 
of  x. 

40.  (C)  f'ix)  =  3kx2  -  18x  +  9  =  3  [/ex2  -  6x  +  3] 

This  is  positive  when  k  >0  and  36  - 12&  <0  or  k  >  3. 

41.  (A)  fix)  =(e“  +  e~ax)  =2  cosh  ax. 

fix)  =2asinhax  <0  When  x  >0  because  a  <0 

42.  (D)  fix)  =  -x  V*  +  2xe“*  =  ex  x(2  -  x). 

Clearly,  fix)  >0  when  x  >0  and  x  <2. 

43.  (B)  fix)  =(2x  +  a) 

l<x<2  2<2x<4  =>  2  +  a<2x  +  a<4  +  a 

=>  (2  +  a)  <  fix)  <(4  +  a). 

For  fix)  increasing,  we  have  fix)  >0. 

:2  +  a  >0  or  a  >-2.  So,  least  value  of  a  is  -2. 


46.  (C)  Let  A  (0,  c)  be  the  given  point  and  P  ( x,  y)  be  any 
point  on  y  =  x2. 

D  =  ^ jx 2  +  iy  -  c)2  is  shortest  when  E  =  x2  +  iy  -  c)2  is 


shortest. 

Now, 

E  =  x2  +  iy  -  c)2  =  y  +  iy  -  c)2  =>  E  =  y2  +  y  -  2cy  +  c2 

dE  d2E 

- =2y  +  1  -2c  and - —  =  2  >0. 

dy  dy2 


dE 

dy 


=  0 


1 

c  — 
2 


Thus  E  minimum,  when  y  =  c  - 


Also,  D  =  c  - 


c - c 

2 


_  r  r_V4C-i 

~V  4~  2 


44.  (B)  Let  the  point  closest  to  (4,  2)  be  (2 12 , 4). 
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47.  (B)  Let  y  =  —  |  then,  y  =  x  x 

.  x , 


dy 

dx 


=  —x  X(1  +  log  X ) 


d^y 

dx2 


~—7T  =  X~X  (1  +  log  xf  -X~x  ■- 
7 


—  =  0  =>  1  +  log  x  =  0  =>  x  =  - 

dx  e 


d2^ 

dx2 


<0. 


So,  x  =  —  is  a  point  of  maxima.  Maximum  value  =  e1,e 
e 


51.  (C)  ^=-  +  26x  +  l 
dx  x 


dy 

dx 

dy 

dx 


=  0  =>  -a-26+l=0  =>  a  +  2b  =  l....(i) 


=  0  =>  —  +  46  +  1=0 

2 


J(*=2) 

=>  a  +  86  =  —2 — (ii) 

Solving  (i)  and  (ii)  we  get  b  =  -  —  and  a  =2. 

2 


2  2 
x  y 

52.  (C)  The  given  curve  is  : - f  —  =  1  which  is  an 

5  4 


ellipse. 


250 

2 


f(x)  =  0  =>  2x  -  — =0 

x2 


(n  500  ^ 

2  +  - 

D=Jl 

x  =5. 


f"( 5)  =  6  >0.  So,  x  =  5  is  a  point  of  minima. 
Thus  minimum  value  =  [  25  +  — ^ 


=  75. 

49.  (D)  /■'(  x)  =  (2  cos  x  -  l)(cos  x  +  1)  and 
f"(x)=- 
f'ix)  =0 


/■"(x)  =  -  sin  x(l  +  4  cos  x). 

1 


cos  x  =  —  or  cos  x  =  -1  =>  x  =  n/3  or 
2 


X  =  71. 


/■"I  ^  <0-  So,  x  =  7i/3  is  a  point  of  maxima. 

Maximum  value  =  I  sin  —  I  1  +  cos  —  I  =  . 


50.  (C)/(*)=LsinXC0S* 


sin  x  +  cos  x 


V2 

2V2  2V2 


(sec  x  +  cosec  x)  z 


(say), 


where  z  =  (sec  x  +  cosec  x). 
dz 
dx 


COS  X  3  , 

=  sec  x  tan  x  -  cosec  x  cot  x  =  — — ^ —  (tan  x  - 1). 


sin  x 
n  . 


—  =  0  =>  tan  x  =  1  =>  x  =  —  in 

dx  4 

ciz 

Sign  of  —  changes  from  -ve  to  +ve  when  x  passes 
dx 

through  the  point  71/ 4.  So,  z  is  minimum  at  x  =  71/ 4  and 
therefore,  /(x)  is  maximum  at  x  =  71/ 4. 

2V2 


Maximum  value  = 


[sec(7t/4)  +  cosec  (7t/4)] 


=  1. 


when  z  =D2  is  maximum 
z  =5  cos2  4>  +  4  (1  +  sin  <|))2 
dz 

=>  —  =  -10  cos  <|>  sin  4>  +  8(1  +  sin  <j>)  cos  4> 

dfy 

dz 

—  =0  =>  2  cos  <|)(4 -sin  4>)  =0 

dcfi 


cos  4*  =  0 


<l>  = 


dz  d2z 

—  =-sin  2<()  +  8  cos  4>  =>  — =  =  -2  cos  2 <jj  -  8  sin  <|) 

d( fi  di j> 

when  4*  =  —  ,  <  0. 

2  d§2 

71 

z  is  maximum  when  (|i  =  — .  So,  the  required  point  is 

a/5  cos  — ,  sin  —  I  i.e.  (0,  2). 

2  2  ! 


53.  (D)  Let  z  = 


1  +  tan  x  1  tan  x 


x  x 
d2z  2 


Then,  —  =  -  -t-  +  sec2  x  and  “  ^  +  2sec2x  tan  x 

dx  x  dx  x 


dz 


dx 
d2  z 
dx2 


=  0  => - -  +  sec  x  =  0  =>  x  =  cos  x. 


=  2  cos3  x  +  2sec2x  tan  x  >0. 


— I*  =  COS  X 


Thus  z  has  a  minima  and  therefore  y  has  a  maxima  at 
x  =  cos  x. 
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H  [  — — —  dx  is  equal  to 
J  x  +  1 


x 

(A)  -lo| 
2 

(C)  tan- 


to 

(A) 

(C) 


Jt 


log  a 

1 

log  a 
dx 


(s2  +  1) 

(B)  log(s2  +  1) 

X 

2 

(D)  2  tan-1  s 

)  =  — - —  ,  a 

>  1  and  F(x)  =  J  a2dx  +  K 

log  a 

(a“  -a°  +  1) 

(B)  1  (a*  aa : 

log  a 

(tt*  +  (2°  +  1) 

(D)  1  (a*+a“ 

log  a 

■  sin  x 


is  equal  to 


(A)  -cot  x  +  cosec  x  +  c 
(C)  tan  x  -  sec  x  +  c 


(B)  cot  x  +  cosec  x  +  c 
(D)  tan  x  +  sec  x  +  c 


BJ 


(3s  + 1) 
2x2  -2x  +  3 


dx  is  equal  to 


(A)  —  log  (2s2  -2s  +  3)  +  —  tan  l{  ^ X  4 
4  2  I  V5 


(B)  —  log  (2s2  -2s  +  3)  +  V5  tan  1 
3 


r 


2s  - 1 

v  ^5  , 


(C)  -  log  (2s2  -2s  +  3)  +  -jLtan-1fe^ 
3  V5  l  V5 


(D)  —  log  (2s2  -2s  +  3)  +  tan  1 
4  V  5 


2s  - 1 

V5 


ajr 


dx 


is  equal  to 


(A)  |  tan  1  (tan  s) 
(C)  |  tan-1  (2  tan  s) 


(B)  2  tan  1  (tan  s) 
(D)  2  tan  1 Q  tan  s) 


DJ 


2  sin  s  +  3cos  s 
3sin  s  +  4 cos  s 


ds  is  equal  to 


9  1 

(A)  — s  +  — log(3sin  s  +  4cos  s) 

25  25 

18  2 

(B)  —  s  +  — log(3sin  s  +  4cos  s) 

25  25 

(C)  —  s  +  —  log(3sin  x  +  4cos  s) 

25  25 

(D)  None  of  these 

0  J  -J 3  +  8s  -  3s2  c/s  is  equal  to 

...  3s  -  4  rz  0  25  .  ( 3s  -  4 

(A)  j=  y]3  +  8s  -  3s - sin  - 


(B) 

(C) 


3V3  18  V3 

3x  ~  4  ^3+  8s-3s2  + 


6 

3s  -  4 


25  V3  .  _!  ( 3s  4 
sin  1 


6  V3 

(D)  None  of  these 
dx 


■^3  +  8s  -  3s2  - 


18 

25 


18  V3 


sin 


5 

]/  3s  -  4 


HJ 


*j2x2  +  3s  +  4 


is  equal  to 


...  1  .  ,  4s  +  3 

(A)  -=-  sin 

V2  V23 

1  ,  _i  4s  +  3 

(C)^^cosh  — 

V2  V23 


1  ■  1  1  4s  +  3 

(B)  -=-  smh  — =^~ 

V2  V23 


(D)  None  of  these 
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3  +  3 —  jg  equaj 

J  Jx2  + x  +  l 

(A)  2-Jx2  +  x  +  1  +  2  sinh-1  ^ 

V  3 

(B)  jx2  +  x  +  1  +  2  sinh-1  _ 

a/3 


(C)  2 *Jx2  +  x  +  1  +  sinh 


_!  2x  +  1 
a/3 


(D)  2yjx2  +  x  +  1  -  sinh  1  ^  +  - 

V  3 


<ix 


J"  r - 

y  x  -  X 

(A)  a/x  -  x2  +  c 
(C)  log  (2x  -  1)  +  c 


Of- 


is  equal  to 


(B)  sin  l{2x  -  1)  +  c 
(D)  tan-1  (2x  - 1)  +  c 


(x  +  l)yjl  -  2x  -  x2 
(A)  a/2  cosh - 


dx  is  equal  to 


'  V2  ^ 

vl+xy 


(B)  -^^cosh  1 

a/2 


(C)  -a/2  cosh 


r  J2  A 


1  +  x  j 


(D)  — ^cosh  1 

a/2 


^  a/2  ' 

1  +  x^ 

A^  ' 


yl  +  Xy 


c 

dx 

sin 

X  +  COS  X 

is  equal  to 


(A)  — ^log  tanf  x  +  — 
a/2  V  4 

(C)Xlogtan(M 


<BIXlogtan(f  +  i 

(D)  log  tanf  —  +  — 

V  4  4 


f  air 


dx 


sin(x  -a)sin(x  -  b ) 

(A)  sin(x  -  a)  log  sin(x  -  b) 

(B)  logsinl  X  a 


a/2 

is  equal  to 


x  -  b 


(C)  sin(a  -  6)  log!  sin(x  ~  a) 

[  sin(x  -  b) 

(D)  _ 1 _ log{sin(^a) 

sin(a-fe)  sin(x-fr) 


dx 


ex  -1 
(A)  log  iex  -1) 
(C)  log  ie~x  -1) 


is  equal  to 


(B)  log  (1  - ex) 
(D)  log  (1  -e*) 


1 


dx 


is  equal  to 


(A) 

(B) 


(C)i 


(x  +  l)2  ,  _! 

log  — 5 - +  tan  x 

x2  +  1 

",  (x  +  l)2  _. 

log  — 5 - h  2  tan  x 

x+l 

,  (x  +  l)2  _.  , 

log  — - ; —  2  tan  x 


x2  +  1 

(D)  None  of  these 


■  Ji 


sin  x 


dx  is  equal  to 


.  -  sin  x 
(A)  -x  +  sec  x  +  tan  x  +  k 
(C)  -x  +  sec  x  -  tan  x 


(B)  -x  +  sec  x  +  tan  x 
(D)  -x  -  sec  x  -  tan  x 


TO  J  ex{f(x)  +  f'(x)jdx  is  equal  to 
(A)  exf'(x)  (B)  exf(x) 

(C)  ex  +  fix)  (D)  None  of  these 


fTSl  The  value  of  f  ex\  +  sin  x  \(]x  js 

J  11  +  COS  X  1 


(A)  ex  tan  —  +  c 
2 

(C)  ex  tan  x  +  c 


(B)  ex  cot  —  +  c 
2 

(D)  ex  cot  x  +  c 


EE  J 


dx  is  equal  to 


x~  +  1 

(A)  x2  +log(x2  +  1)  +  c 

(B)  log  (x2  +  1)  -  x2  +  c 

(C)  -x2  — -log(x2  +  l)  +  c 
2  2 


(D)  —  x2  +  — log(x2  +  1)  +  c 
2  2 


HjJ  1  sin  1  xdx  is  equal  to 
(A)  xshT1  x  +  yjl  -  x2  +  c 

(C)  xshT1  x  +  1  +  x2  +  c 


(B)  xsin  1  x  -  -Jl  -  x2  +  c 
(D)  xsin-1  x  -  ^/l  -  x2  +  c 


sin  x  +  cos  x 


r  sin 


yjl  +  sin  2x 
(A)  sin  x 
(C) cos  x 


dx  is  equal  to 


(B)  x 
(D) tan  x 
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X  SJX 

3  |  J(x2  +  y 2)  dydx  is  equal  to 


(A)-Z- 

60 

4 

(C)  ~" 

49 


(D)  None  of  these 


i  d  +  *2 

The  value  of  J  J  dy  dx  is 

0  0 

(A)  —  log  (a/2  +  1) 

4 


(C)^log(V2  +1) 

z 


(B)  ^log(V2  -1) 

4 

(D)  None  of  these 


m  If  A  is  the  region  bounded  by  the  parabolas  y2  =  4x 
and  x2  =  4y,  then  JJ  ydxdy  is  equal  to 


(A) 

(C) 


48 

5 

32 

5 


(B) 


36 


(D)  None  of  these 


The  area  of  the  region  bounded  by  the  curves 
x2  +  y2  =  a2  and  x  +  y  =  a  in  the  first  quadrant  is  given 
by 

a  Ja2-x2  a  Ja2  -  x2 

(A)  J  J  dxdy  (B)  J  J  dxdy 


0  a-x 
V“2  -  y‘  a 


(C)  j  j  dxdy 


(D)  None  of  these 


The  area  bounded  by  the  curves  y  =2~fx,  y  =  -  x, 
x=l  and  x  =  4  is  given  by 

33 
2 

101 


(A)  25 
47 


(C) 


(B) 

(D) 


m  The  area  bounded  by  the  curves  y2  =  9x,  x  -  y  +  2  =  0 
is  given  by 

1 

2 
5 


(A)  1 
3 


(C) 


(B) 

(D) 


eTFP  The  area  bounded  by  the  curve  r  =  0  cos  0  and  the 

TC 

lines  0=0  and  0  =  —  is  given  by 
2 

/  9  \ 

(A)  -j 
4 


f  \ 

--1 

(B)  — f—  - 1 1 

l16  J 

16  16  J 

(C)  —  — — 1 

16  16 


(D)  None  of  these 


J  The  area  of  the  lemniscate  r 2  =  a2  cos  20  is  given  by 


(A)  4  f 4  f 

Jo  Jt 

(o  iff 

Jo  Jo 


1)4  pa  cos  2  ( 


rdrdQ 


ij2  ra^l  cos  2  0 


rdrdQ 


(B)  2f  f 

Jo  Jo 

a  I 

: 


ij2  pa  J  cos  2  ( 


rdrdQ 


n  pad  cos  2  0 


rdrdQ 


bRI  The  area  of  the  region  bounded  by  the  curve 
y  (x2  +  2)  =  3x  and  4y  =  x2  is  given  by 

ri  i*x2/4  1*1  r^2/4 

(A)  dxdy  (B) 

Jo  J  y=0  Jo  j.y= 


<B)  l1  c 


(C)  |  j3”"  '  dydx  (D)  f  f  A  ’  dxdy 

JO  J y=x2  A  J y=0  jy=x2  ^ 


FTif  The  volume  of  the  cylinder  x2  +  y2  =a 2  bounded 
below  by  z  =  0  and  bounded  above  by  z  =  h  is  given  by 

(A)  7t ah  (B)  7 ia2h 


(C)  -  na3h 
3 


(D)  None  of  these 
jj  £  £  £  ex  *  ’  ‘  dlxdydz  is  equal  to 


(B)  "(e-1) 

Zj 


(A)  (e  - 1)3 

(C)  (e  - 1)2  (D)  None  of  these 

HI  (  [  [  {x  +  y  +  z)  dy  dx  dz  is  equal  to 

J-l  JO  Jx-z 


(A)  4 
(C)  0 


(B)  -4 

(D)  None  of  these 


23  The  area  of  the  cardioid  r  =  a  (1  +  cos  0)  is  given  by 

in  i*a(l  +  cos  0)  pti  pa  (1  +  cos  0) 

rdrdQ  (B)2  rdrdQ 

9=0  Jr=0  JO  Jr=a 

pJ 2  pa  (1  +  cos  0)  pJ 4  pa  (1  +  cos  0) 

(C)  2  rdrdQ  (D)  2  rdrdQ 

JO  Jr=0  JO  Jr=0 
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SOLUTIONS 

1.  (A)  f  — —  dx 
J  x  +  1 


Put  x  +  1  =  t  =>  2  xdx  =  dt 

[  — ^ —  dx  =\---dt 
J  x2  +  1  J  2  t 


=  —  log  t  =  —  log  ( x2  +  1) 
2  2 


4.  (A)  Let  /  =  J 


3x  + 1 


2x2  -2x  +  3 


dx 


3  5 

Let  3x  +  1  =  pi4x  -2)  +  q  =>  p  =  —  ,  q  =  — 

4  2 


j  _ 3  r  4x -  2 
~  A  J  ‘ 


4  J  2x  -2x  +  3 


dx  +  —  J 


dx 


=  —  log  (2x2  -  2x  +  3)  +  -( 

A  J 


2  J  2x2  -2x  +  3 
5  r  dx 


f  1 

f 

P“2 

I  + 

l2  j 

2.  (A)  F(x)  =  f axdx  +  K  =-?—  +  K 
J  log  a 


K  = 


F{a)  = 

1 


a 


K 


log  a 
a"  1  -aa 


log  a  log  a  log  a 


F{x)  = 


1  -  a“ 


log  a  log  a  log  a 


[a1  -aa  +1] 


3.  (C)  J 
=  1 


gLc 


sin  — i-  cos  —  +  2  sin  —  cos 

2  2  J  2  2 


■1 


dx 


X  .  X 

cos  —  +  sin  — 
2  2 


=1 


sec 


dx 


1  +  tan 


Put  1  +  tan  —  =  t 
2 


secJ  —  dx=  2  dt 
2 


-2 

1  +  tan 


-2  cos 


x 


—  +  K  = - 4 — 

X  X  .  X 

cos  —  +  sin  — 

2  2  2 

x 


+  K 


„  x  .  x 

-2  cos  —  cos - sm  — 

_ 2 —  x - 2 _ 2 


K 


X  .  X  X  .  X 

cos  — h  sm  —  cos - sin 

2  2  2  2 


-2  cos  — h  2  sin  —cos 

= - 2 - 2 - 2  +K 

o  X  .  o 

cos - sm  — 

2  2 

_  -(1  +  cos  x)  +  sin  x 

cos  x 

=  tan  x  -  sec  x  +  c 


k  =  tan  x  -  sec  x  -  1  +  K 


3 1  «  ’  —  5  1  tan  1  X  ~  % 


=  — log(2x  -2x  +  3)  +  — . 

4  4  r  V5  ' 

l2  y 


5.  (C)  Let  /  =  f  —  dx 

J  1 

_  r  cosec2  x  dx  r 
'  cosec2x  +  3  ■*  (1  +  cot2  x)  +  3 

Put  cot  x  =  t  =>  -  cosec2  x  dx  =dt 


V5 

2 


3  sin2  x 
cosec2  x  dx 


T  r  -dt 

1 

1  ,  ,  ( cot  X  ^ 

r  dx 

I  - 

=  —  cot  — 

-  cot 1 

J  4  +  t2 

2  2 

2  l.  2  J 

■*  1  +  sin  x 

=  —  tan  1  (2  tan  x) 
2 


6.  (C)  Let  /  =  J 


2  sin  x  +  3  cos  x 


dx 


f2^  dt- 

-2+a 

/=  — j 

r  3cos  x  -  4 sin  x  , 
- dx  + 

—  J 

'  t2 

t 

25  J 

3  sin  x  +  4  cos  x 

25  J 

3  sin  x  +  4  cos  x 
Let  (2  sin  x  +  3cos  x)  =  p(3cos  x  -  4  sin  x) 

+  <7(3  sin  x  +  4  cos  x) 

1  18 

P  =  —  ,  q =  — 

25  25 

a  civ,  ~  1  a  .  Qoin  x  +  4  cos  x  . 

- dx 


=  —  l0g  (3  gin  x  +  4  cos  x)  +  —  x 
25  25 


8.  (B)  f 


dx 


yj2x2  +  3x  +  4  V2 


dx 


3 y 

,x+4)  +u 
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1  .  ,_i  X  +  a  1  .  ,  _!  4x  +  3 

=  smh  -  **  =  sinh  — 

V2  (-M}  V2  V23 


9.  (B)  J 

-J 


4 

2x  +  3 


'^/  X  +  X  +  1 

2x  +  1 


dx 


J 


-^X  +  X  +  1 

2x  +  1 

-^X  +  X  +  1 


dx  + 1  - 
dx  +  2| 


2dx 


(x2  +  X  +  1)1/2 

1 

2 


+  2  sinh 


V3 

2 


=  2  Jx2  +  x  +  1  +  2  sinh  1  1 

V3 


10.  (B) J- 


dx 


=  7 


VxVl - x 

Putx=sin20  =>  dx  =  2  sin  0  cos  0  dO 

,  r  2  sin  0  cos  0  r  2  sin  0  cos  0  ,,, 

7  =  - ,  —  a0  =  - d0 

sin  0^/1  -sin2  0  J  sin0cos0 

7  =  |2d0=20  +  c  =  2  sin1  Vx  +  c 

7  =  sin~1  (2x  -  1)  +  c 


11.  (D)  Let  7  =  ( - J: 

J  (x  +  lh/l  - 


(x  +  l)-y/l  -2x  -  . 


dx 


Put  x  +  1  =  - 
t 


dx  =  — 5-  dt 
t2 


M 


-\dt 

t2 


jHH-h 


-j 


dt 


^2t2  - 1 


=  -J_f 
V2  J 


dt 


t2  - 


vx/2  , 


-^cosh  1  — 

V2 


=  — ^cosh  1 

V2 


'  V2  ^ 

VX  +  ly 


12.  (C)  f- 

J  C1 

=  J^f 

V2  J 


dx 


sin  x  +  cos  x 


=  J_f. 

.  /o  J 


dx 


V2  J  ■  (  71 

sin  x  +  — 
4 


= 

V2  J 


f  1 

(  71  ^ 

1  co sec 

X  +  —  h 

l  4) 

1 

vr 


-log  COt^  f  7C  +  ^ 


1 1  x  r  *  71 

log  tan  —  +  — 

V2  U  8 


13.  (D)  j 


dx 


sin(x  -  a)sin(x  -  b ) 


X  +  X  +  1 

1 

sin(a  -  b)dx 

dx 

sin(a  -  6) 

sin(x  -  a)  sin(x  -  b) 

JlaT+ 

rvsY 

1 

sin  [(x  -  b)  -(x  -  a)]  , 

CLX 

sin(a  -  b ) 

sin(x  -  a)  sin(x  -  b) 

f  2  J 

1 

X  H - 

l2  J 

1 

sin  (a  -  6) 

■  sin(x  -  6)  cos(x  -  a)  -cos(x  -  b )  sin(x  -  a) 
sin(x  -  a)  sin(x  -  6) 


dx 


sin(a  -  6) 

1 

sin  (a  -  6) 

1 

sin  (a  -  6) 


|  [cot(x  -  a)  -cot(x  -  b)]dx 

[log  sin  ( x  -  a)  -  log  sin  ( x  -  6)]  dx 
sin(x  -  a) 


log 


sin(x  -  6) 


14.  (D)  Let  7  =  f  dx  =  f  —  dx 

J  ex  - 1  J  l . 


e  - t  " L-e 
e~xdx  =  dt 


Put  1  -e“*  =  f 
7  =  J  —  =log  t  =  log (1  —  e_JC ) 


15.  (B)  Let  7  =| 

dx 


dx 


1  +  X  +  X  +  X 


•I 


Let 


(1  +  x)  (1  +  X2) 

1 


A 


Bx  +  C 


(l+x)(l  +  x2)  1  +  x  1+x2 

1  =  A(1  +  x2)  +  (Bx  +  C)(l  +  x) 

Comparing  the  coefficients  of  x2  ,  x  and  constant  terms, 
A  +  B  =0,  £>  +  C  =0,  C  +  A  =  1 
Solving  these  equations,  we  get 

A  =—  ,  C=- 

2  2  2 


7  =  —  f  — - —  dx  -  —  f 
2  J  1+  X  9  J 


x  - 1 


dx 


=  \  log  ( 1  +  x)  -  ^  log  (x2  +  1)  +  —  tan  1  x 


C  dx 

J  .  71  .71 

sin  x  cos  —  +  cos  x  sin  — 

4  4 

_  1 
”  4 

,  (X  +  1)2  _.  _! 

log  — - - +  2  tan  x 

X2  +  1 
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sin  x 


dx 


-sin  x 


16.  (B)  Let  I  =  f  — 
J  1 

r  1  -(1  -  sin  x)  , 

=  - 1 - dx 

J  1  -  sin  x 


r  1  ,  r  ,  r  1  +  sin  x  , 

=  - dx  -  \dx  =  - j —  dx  -  x 

J  1  -  sin  x  J  J  1  -  sin  x 

r  1  +  sin  x  ,  r,  2  ±  ,  , 

=  - 5 - dx  -  x  =  (sec  x  +  sec  x  tan  x) dx  -  . 

J  cos  X  J 

=  tan  x  +  sec  x  -  x 

17.  (B)  Let 

=  \exf(x)dx  +  \exf(x)dx 
=  { f(x)ex  - 1  f'(x)exdx)  +  J  exf'(x)  dx  =f(x)-  ex 


18.  (A)  Let  7  =  J  e*  f  ^  +  Sm  X  \dx 


COS  X 


1  +  2  sin  —  cos  — 


2  cos2 


dx 


=  —  f  ex  sec2  —  dx  +  \ex  tan  —  dx 
2  J  2  J  2 

=  —  {e*  -2  tan  —  -  f  ex  ■  2  tan  —  dx  1  +  ( e1  tan  —  dx 
2  2  J  2  J  2 


=  ex  tan  —  +  c 
2 


19 


J  X2  +  1  J  X2  +  1 


dx 


t  x(  X2  +  1  - 1)  .  r  ,  r  X  , 
- ^ - ax  =  xdx  -  — ; - ax 

J  X  +  1  J  J  X  +  1 


=  —  x2  -  -  log  (x2  +  1)  +  c 
2  2 


=  sm 


=  x  sin  1  x  -  J 


Vl  -  x2 
x 

V1-*2 


dx 


In  second  part  put  1  -  x2  =  t2 
xdx  =  -  £d£  =  x  sin-1  x  +  |  dt 

=  xskr1  x  +  t  =  xskr1  x  +  -y/l  - . 


21. 


sm  x  +  cos  x 


^1  +  sin  2x 


dx 


I 


sm  x  +  cos  x 


-J(sin2  x  +  cos2  x)  +  2  sin  x  cos  x 


dx 


r  sm  x  +  cos  x  , 

=  I  ,  dx 

-y/(C0S  X  +  cos  x)2 
r  sin  x  +  cos  x 


sm  x  +  cos  x 


dx  =j  dx  =  x 


3/5  3/5  1 

22.  (D)  |  |5x  -  3|  dx  =  -  J  |5x  -  3|  dx  +  ||5x-3|dx 


3/5 


f  ex{f(x)  +  f'(x))dx 

4--++3*T"+f— -3*T 

J 

v  2  Jo  ^  2  J 

3/5 


u 

T5  s) 

f  9 

9  Y 

r 

LU  J 

v  10 

sj. 

9  9' 

Io+5, 

10 +i  2  +  10  J  10 


23.  (B)  [- 

"  i 


dx 


r  ex  dx 
1  e2x  +  1 


Put  e*  =  t  =>  exdx  =dt  = 


dt  =  [  =  [tan'1  t\ 

it2  + 1 


=  tan  1  e  -  tan  1  1  =  tan  1  e - 

4 


24.  (D)  |  x(l  -  x)  dx  =  J(x  -  x2)dx 


=  |-x2--x3l  =  — c2(3  -2c) 


|  sin  1  x  dx  =  f  sin  1  x  ■  1  ■  dx 

p  2x  +  l  ,  f 

J  / - 2  dx=\ 

1 

0  ^  X  +  X  0 

C  1 

[  xil-  x)dx  =  0  =^>  —  c2(3-2c)=0 

J  6 

n  w 


25.  (D)  Put  x2  +  x  =  t  =>  (2x  +  l)dx  =  dt 

j  **L  =  2(p/2)2  =2V2 

0  vfc 


26.  (A)  j  x4  sin5  xdx 

n 

Since,  f(-x)  =(-x)4  sin5  (-x)  =  -x4  sin5  x 
f(x)  is  odd  function  thus 

n 

|  x4  sin5  xdx  =  0 

71 

y 2  n/2  ^ 

27.  (A)  | cos2  x  dx  =  J  —  (cos  2x  +  1)  dx 
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111.  „ 

=  —  —  sm  2  x  +  x 
2  V  2 


1  [  7T 

—  (sin  n  -sin  0)  + - 0 

2  1 2 


—  n 

2 _ =  _^ 

2  4 


Aliter  2.  Use  Walli’s  Rule  [cos2  x  =  —  ■  —  =  — 

J  2  2  4 


a 

28.  (B)  Let  I  =  J  Ja2  -x2  dx 
0 

Put  x  =  a  sin  0  =>  dx  =a  cos  0  dQ  when  x  =  0,  0=0, 

when  x  =  a,  0  =  — 

2 

_ 

I  =  J  Ja2  -  a2  sin2  0  a  cos  0  dQ 
0 

1 < 2  1 

=  a2Jcos20d0  =a2 - (By  Walli’s  Formula) 


7WZ 


X 

a 

o  +  ^T 

a 

0 

4 

a 

Aliter:  J  ja 2  -  x2dx 


1  /  o  2~  1 

—  X-J  Ct  —  X  H - 

2  ^  2 


29.  (D)  Let  /  =  J  log  (tan  x)  dx  ....(1) 
0 

I  =  J  log  tan  ^  ’  ■  -  x  j  dx 

i/2 

7  =  | log  (cot  x)....(2) 

0 

Adding  (1)  and  (2),  we  get 

1/2 

2/  —  J  [log  (tan  x)  +  log  (cot  x)]dx 
0 

ij2 

=  J  log  (tan  x  •  cot  x)  dx 
0 

1/2 

=  J  log  1  <7x  =  0  =>  7=0 


71a 


30.  (D)  Let  7  = 


MH) 


--\dt....(  i) 


=  |2sinf— (1  - 1)  "W  =  J"  2  sinf  —  -  —  tldt 


=  -j2siny^-^jcft  =-l 
27=0  =>  7=0 

20  fix) 


31.  (C)  Let  7  =  j- 


2  a 


0  fix)  +  f(2a  -  x) 

f(2a  -  x) 

0  f(2a  -  x)  +  fix) 


dx  ....(1) 


dx....i2) 


Adding  (1)  and  (2),  we  get 


2  a 

27  =  J 


fix)  +  fi2a  -  x) 


0  fix)  +  fi2a  -x)  0 

=>  7  =  a 


2  a 

dx  =  Jl  •  dx  =\x¥0a  =2a 


1  Ji  -  a 

ev 


32.  (C)  Let  7  =  [  -f-  - 

IJl^ 

Put  -Jl  -  X2  =  t 


xdx 


-  (-2x)  dx  =  dt 


2jl-. 

when  x  =  0,  t  =  1,  when  x  =  l,t=0 
o 

7  =  J  -e‘dt  =  — [e*  ]”  =  -[e°  -  e1]  =  e  - 1 
1 

1 

33.  (B)  Let  7  =  f 

n  1 

1 

=1 


dx 

.  -  X  +  X2 


dx 


°  X~2l  + 


4s) 

Y2  J 


1 

V3 

2 


tan 


1 

x  — 

i _ 2 

43 

2 


2 

43 


tan  1  — , —  -  tan  1  — 


V3 

2  71  2n43 


43 


2  f  n  n 

V3"U  +  6 
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3V3  9 

1  I J  0  _  1 

34.  (B)  Let  7  =  JU  dx  =  J  —  dx  +  J-  dx 

0  1 

=  J  -ldx  +  Jl-  dx  =  -fx]®!  +  [x]j> 

1  0 

=  -[0-(-l)]  +  (l-0]=0 

100  71  71 

35.  (C)  J  |sin  x\ix  =  100 J  |sin  x|dx 

0  0 

[  . . .  sin  x  is  periodic  with  period  tt] 
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JI 

=  100  J sin  x  dx  =  100(-cos  x)„ 

0 

=  100(-cos  n  +  cos  0)  =  100(1  +  1)  =200. 

71  71 

36.  (C)  Let  7  =  Jcosm  x  sin  nx  dx=j  fix)  dx 
0  0 

Where  fix)  =cosm  xsin"  x 

fin  -  x)  =cosm(7t  -  x)  sin"(jt  -  x) 

=  (— cos  x)m(sin  x)n 

=  -cos'™  x  sin"  x,  if  m  is  odd 

71 

I  =  j* cosm  xsinn  x  dx  =  0,  if  m  is  odd 
o 


37.  (A)  Let  7=J  xF(sin  x)  dx  ....(1) 
o 

71 

=  J(:r  -  7i)F[sin  (7i  -  x)]dx 
o 

71 

I  =  |(ti  -  x)F(sin  x)dx  ....(2) 

0 

Adding  (1)  and  (2),  we  get 

7t 

27  =  f  itFCsin  x)dx 
0 


=>  7 


-i 

9  J 


7iF(sin  x)  dx 


* ex 


38.  (B)  Let  7  =  J  —  I  sec2  -  +  2  tan  -  \dx 


lj2  -4  t)2. 

=  [  —  e*sec2  —  dx  +  f  ex  tan  —  dx  =  I,  +  I2 
J  9  9  J  9  i-  i 


Here,  7,  =  f  —  ex  sec2  —  dx 
1  "2  2 


—  ex  ■  2  tan  — 
2  2 


-|V2  V2 


1  ^ 

-i|V. 

9  J 


Jo  ^  0 


2  tan  —  dx 
2 


2  tan  —  -  0  )  -  \ex  tan  —  dx 
4  1  J  9 


-e'2  -I2  ,  7j  +  72  -< 
7  =  71+72  =  e^2 


1  -Jx 


39.  (B)  \  \ix2  +  y2)  dy  dx  =J 


J 


0  x 

1 


1  tv* 

x2y  +  -y3 

0  L  d  -lx 


dx 


X3/2  -  X3  -  -  x3 


dx 


2  7/0  2  no  1  4 

-  x '  h - x?  —  x 

7  15  3 


_3^ 

35 


40.  (D) 

1 

=  |  1/ 1  +  x2 dx 
0 

=  —  [x^/l  +  x2  +  log(x  +  ^/l  +  X2  )]„ 

2 

=  —  [V2  +log(l  +  V2)] 

2 


1  A  +  *2  1  , - — 

|  |  dydx  =  J  [y]g  +  x  dx 

0  0 


41.  (A)  Let  7  =  JJ  ydxdy, 


Solving  the  given  equations  y2  =  4x  and  x2  =  4 y  ,  we  get 
x  =0,  x  =  4  .  The  region  of  integration  A  is  given  by 


4  1~lx  4 

A  =  J  | ydydx  =  J 

0  *74  0 


dx 


—1,3/4 


42.  (A)  The  curves  are 
x2  +  y2  =a2 ... 
x  +  y  =  a... 


....(i) 

....(ii) 


The  curves  (i)  and  (ii)  intersect  at  A  (a,  0)  and  B  (0,a) 

I  2  2 

a  Va  “* 

The  required  area  A  =  J  J  dydx 


x =0  y=a-x 


43.  (D)  The  given  equations  of  the  curves  are 
y  =  2x[x  i.e.,  y2  =  4x....(i)  y  =  -  x....(ii) 


If  a  figure  is  drawn  then  from  fig.  the  required  area  is 

4  4  ^4 

A=J  J  dydx  =  J  [yf_^  =  J  [2  V  x  +  x  )dx 

1  -X  1  1 


101 

6 


44.  (B)  The  equations  of  the  given  curves  are 
y2  =9x....(i)  x -y  +  2  =0....(ii) 

The  curves  (i)  and  (ii)  intersect  at 
A(l,  3)  and  B(4,  6) 

If  a  figure  is  drawn  then  from  fig.  the  required  area  is 
A=j  [dydx  =j[y]^f2dx 

1  x+2  1 


=  (16  —  8  —  8)  — 12  — — — 2|  =  — 

{  2  J  2 
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45.  (A)  The  equation  of  the  cardioid  is 

r=a(l  +  cos0)  ....(i) 

If  a  figure  is  drawn  then  from  fig.  the  required  area  is 

n  a  (1  +  cos  0) 

Required  area  A  =  2  J  J  rdrdO 

0=0  r=0 

46.  (C)  The  equation  of  the  given  curve  is 
r  =  0cos  0....(i) 

The  required  area 


V  2  0COS0 


■n/2r 


A  =  J  J  rdrdQ  =  J 


0=0  r=0 
tt/2 


-r2 
2 


dd 


0  L.  Jo 
n/2 


-t  ‘V*  -I  'V* 

=  -  J  02  cos2  0d0  =  -  j  02(1  +  cos  20)d0 
^  0  4  0 

1  <2  .n/2 

=-  f  e2de  +  -  fe2 

A  J  A  J 


0  ^  0 

- 1/2 


■  — +  - 
96  +  4 

7^__  1 

96  4 


'  cos20d0 


.2  sin  2 0 y2  „  sin  2 0 


~  J29f 


dO 


j/2 


-j  0sin  20  d9 


_e  COS20  ^  _  ff  _  COS20 


47.  (A)  The  curve  is  r2  =  a2  cos  20 

If  a  figure  is  drawn  then  from  fig.  the  required  area  is 


nj  4  a^j  cos  20 


n/4 


A  =  4  J  |  rdrdQ  =  4  J 


ji/4 


=  2  | a2  cos  20  dQ=2a‘ 


0 

sin  20 


d0 


=  a 


48.  (C)  The  equations  of  given  curves  are 
y(x 2  +  2)  =  3x....(i)  and  4y  =  x2....(ii) 

The  curve  (i)  and  (ii)  intersect  at  A  (2,  1). 

If  a  figure  is  drawn  then  from  fig.  the  required  area  is 

2  3i/(*2  +  2) 

The  required  area  A  =  J  J  dxdy 

1  =  0  y=x  2/4 


Thus  the  equation  volume  is  V  =  4|  zdxdy 

A 

a  V°2  “  *2  a  -  a 

=  4  |  J  hdydx  =  4/zJ  ly]^  dx  =  4/iJ  ^/a2  -  x2  dx 

00  0  0 

Let  x  =  a  sin  0,  =>  dx  =  a  cos  0  d0, 

n/2 

Volume  V  =  4/z  J  ^ ja 2  -  a2  sin2  0  •  a  cos  0  dQ 


n/2 


-  4/ia2  J  cos2  0  dQ  =  4 ha2 


1  71 

2  2 


2h. 


50.  (A)  HI e*+y+z  dxdydz 
0  0  0 

=  j}[e*  +  y  +  °f0  dydz  =  ]][e1+y+z-  ey+z]dydz 
0  0  0  0 

=  ][e1+y+z -ey+z]  \dz 
0 
1 

=  |  [(e2+z  -e1+z)  ~(e1+z  -ez)]dz 
0 
1 

=  j(e2+z -2e1+z  +ez)dz  =  [e2+z  -2e1+z  Te2]* 

0 

=  (e3-2e2  +e)-(e2  -2e  +  l) 

=  e3  -  3e2  +  3e  - 1  =  (e  - 1)3 


7I3 

l( 

—71 

-0 

\  I  n/2 

1  z  x  + 

96 

+  4l 

T" 

J-s  J 

cos  20  d0 

51.  (C)jjj 

-1  0  *- 

7l3 

71 

-- 

1 

sin  20 

1  z 

f  f 

(x  +  y  + 

96 

16 

8 

v2 

Jo  16  1,16  J 

-  J  J 

-10 

2 

dxdz 


1  2 

JJ 


(2x  +  2z)2  (2x 


-10 
1  f3 


dxdz 


-1 


.0 


'll112 

-<h:- 


1 

-2  f 

(x  + 

z)3 

-1 

3 

1 

r  41 

f  6  z3dz  =  4 

z 

-1 

[_  4  J 

dz 


49.  (B)  The  equation  of  the  cylinder  is  x2  +  y2  =  a 2 
The  equation  of  surface  CDE  is  z  =h. 

If  a  figure  is  drawn  then  from  fig.  the  required  area  is 
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m  The  integration  of  f(z)  =  x2  +  ixy  from  A(l,  1)  to  B(2, 
4)  along  the  straight  line  AB  joining  the  two  points  is 


...  -29 

(A) - hill 

3 

(B)  — -ill 
3 

(C)  —  +  (6 

5 

(D)  —  -  i6 

5 

2z 

ffl  1 -  dz 

j>  +  d4 

=  ?  where  c  is  the  circle  of 

(A)  ^V3 

9 

(B)  ^e3 

9 

(C) 

Q 

(D)  ^V2 

Q 

1  -2z 


,  z(z  -  l)(z  -  2) 
(A)  2  +  i6 n 
(C)  1+171 


dz  =?  where  c  is  the  circle  |z|  =  L5 

(B)  4  +  i37t 
(D)  i3n 


E0|  (z  -z2)dz  =?  where  c  is  the  upper  half  of  the  circle 

C 

Z  =  1 

(A)  —  (B)  2 

3  3 

(C)  -  (D)  — 

2  2 


m  The  value  of  f(3)  is 

(A)  6  (B)  4 i 

(C)  -4 i  (D)  0 

The  value  of  f'{  1  -  i)  is 
(A)  7  (tt  +  i2)  (B)  6(2  +  i7i) 

(C)  2tt(5  +  il3)  (D)  0 

Statement  for  19-21: 

Expand  the  given  function  in  Taylor’s  series. 


FBI  f{z)  =  — — —  about  the  points  z  =  0 
z  +  1 


(A)  1  +  2(z  +  z2  +  z3.. 
(C)  -1  +  2(z  -z2  +z3 


(B)  -1  -2(z  -z2  +z3 . 

(D)  None  of  the  above 


m  m  = 


z  +  1 


about  z  =  1 


(B)  - 
2 

(C)  - 
2 


1_|(Z_1)V(Z_1)2- 


1  -  — (z  - 1)  +  — ir(z  -  l)2. 
2  22 


l  +  -(z-l)  +  \(z-l)2. 
2  22 


(D)  None  of  the  above 


21  |  C°S  KZ  dz  =1  where  c  is 

the  circle  z  =  3 

(A)  i2  k 

(B)  -i 2  7i 

(C)  (6  7t2 

(D)  —  i 6  7t2 

■n  r — s^n  712 - (iz  _?  where  c  is  the  circle  z  1  =  3 

Jc  (z  -2)(z  -  1) 

(A)  (671 

(B)  f2 7T 

(C)  (471 

(D)  0 

m  The  value  of  —  f C0S  nz 

dz  around  a  rectangle  with 

2 ni  {  z2  -  1 

vertices  at  2  +  i  ,  -2  +  i  is 

(A)  6 

(B)  i2e 

(C)  8 

(D)  0 

Statement  for  Q.  17-18: 

r/  \  c  3z  +  7  Z  +  1  7 

,  where  c  is  the  circle 

!  (z-z0) 

II 

(N 

+ 

f(z)  =  sin  z  about  z  =  — 
4 


(D)  None  of  the  above 


5E1  If  |z  +  l|  <  1,  then  z  2  is  equal  to 

(A)  1+ Ju  +  lXz  +  l)*"1 

n  =1 

(B)  i  + +  ixz  +  ir+1 

n  =1 

(C) l+Jn(z  +  D* 

n  =1 

(D)  i  +  f>  +  ixz  +  ir 
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Statement  for  Q.  23-25. 

Expand  the  function 


(2-IX2 -2) 
series  for  the  condition  given  in  question. 

1  <  |z|  <2 

...  1  2  3 

(A)  -  + 


in  Laurent’s 


2  3  . 

Z  Z  Z 

-3  -2  -1  1  1  1  2  1  3 

(B)  ...  —  2  -2  -2 - 2 - 2 - 2  -... 

2  4  8  18 

.n.  1  3  7 

(C)  5-  H - 3-  H - r 


,2  '2  4 

2  2  2 


(D)  None  of  the  above 
£3 12I  >  2 


,.J  13  20 

(A)  -  +  —  +  —  - 

22  2 


.tv,  1  8  13 

(B)  -  +  —  +  —  - 


1  3  7 

(C)  +  — r  ' 


SSI  |2|<1 

/  a  \  -1  o  "I- 7  o  15  2 

(A.)  1  +  3 z  —  z  h - z 

2  4 


2  3  4 

(D)  7 - 5T+-T-. 


15 

16 


1  3 

- 1 - L 

2  4  8 

1  3  22  23 

(C)  —  +  —  +  —  +  — . 

4  4  8  16 

(D)  None  of  the  above 

^3  If  [z  — 1|  <  1 ,  the  Laurent’s  series  for 


2(2  - 1)(2  -  2) 


■  is 


(A)  -(2-1)  - 

(B)  -(2-I)  1  - 


(2  -  l)3  (2  -  l)5 

2!  5! 

(2-I)3  (2-I)5 


2!  5! 

(C)  -(2-l)-(2-l)3-(2-l)5- . 

(D)  -(2  - 1)-1  -(2  - 1)  -(2  - 1)3  -(2  - 1)5  - . 


The  Laurent’s  series  of 


z(e2  -1) 


for  I2I  <2  is 


1  1  1  „  1  2 

(A)  — —  + - h - h  62  +  - 2 

22  2 2  12  720 


(B )  JL-  — +  — ~  — z2 

22  2 2  12  720 


(C)  -  +  — +  — 22  +  — 22 

2  12  634  720 

(D)  None  of  the  above 


The  Laurent’s  series  of  f(z)  = 
where  I2I  <  1 


. .  1  5  3  21  5 

(A)  —2  - 23  +  - 25  . 

4  16  64 


(z2  +  1  )(z2  +  4) 


is, 


64 


i2  +  —  ~4 

2  4  16 

1  3  3  15  5 

(C)  -2  --23  +  - 2 5  . 

2  4  8 


(D)  —  +  —z  +—z  +  —  2 
2  2  4  8 


The  residue  of  the  function 


1  -  e 


at  its  pole  is 


-4 
(B)  n 

3 

3 

-2 

2 

(C)  — 

D 

3 

3 

5?il  The  residue  of  2  cos  — 

at  2  =  0  is 

2 

1 

-1 

(A)  - 

(B)  — 

2 

2 

1 

-1 

(C  - 
3 

<d,t 

1-2  2 


•  2d  -z)(z  -2) 
(A)  -  i  3tc 
(C)  2 


dz  =?  where  c  is  |z|  =1.5 

(B)  i3  it 
(D)  -2 


•  2  COS  2 


dz  =1  where  c  is  2-1=1 


(A)  6  n 
(C)  i2n 


(B)  -  6n 

(D)  None  of  the  above 


j z2ezdz  =?  where  c  is  \z\  =  1 

C 

(A)  i3n 


C)  — 
3 


(B)  -  i  3n 

(D)  None  of  the  above 


J 


<70 


2  +  cos  0 


.  =? 


(A) 


-2  71 


a/2 

(C)  2tW2 


(B)  ^ 

a/3 

(D)  -2 71  a/3 
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(A) 

(C) 


i(x2  +  a2)(x2  +  b2) 
n  ab 


dx  =? 


a  +  b 
n 


(B) 


7i  (a  +  b) 


ab 

(D)  n(a  +  b) 


a 


(A) 


71 

6 


(C) 


2n 

3 


(B)f 

<D)I 


SOLUTIONS 


1  a-  ft  \  ■  x\l  +  i)  -  y\l  -  i) 

1.  (C)  Since,  f(z)  =  u  +  iv  = - , - - - ;  z# 0 


x2  +  y 2 


x3  -y3 
x2  +  y2 


x3  +  y3 
x2  +  y2 


Cauchy  Riemann  equations  are 

du  dv  ,  du  dv 

—  =  —  and  —  = - 

dx  dy  dy  dx 

By  differentiation  the  value  of  —  ,  —  ,  —  ,  —  at(0, 0) 

dx  dy  dx  dy 

we  get  ^  ,  so  we  apply  first  principle  method. 

At  the  origin, 

du  ..  u(0  +  h,  0)-u(0,  0)  ..  h3!h 2 

—  =  lim -  =  lim  — L -  =  1 

dx  h^°  h  h^°  h 

du  u(0, 0  +  k)  -  «(0, 0)  ..  -k3!k2  . 

dv  0  k  k^°  k 

dv  v(0  +  h,  0)  -  17(0,  0)  ,.  h3[h2 

dx  h^°  h  h^°  h 

dv  ..  v(0,  Q  +  k),  v(0, 0)  ,.  k3!k 2 

—  =  lim  - =  lim  — ^ —  =  1 

dy  *~>0  k  k^,a  k 

rru  j-u  .  du  dv  ,  du  dv 

thus,  we  see  that  —  =  —  and  —  = - 

dx  dy  dy  dx 

Hence,  Cauchy-Riemann  equations  are  satisfied  at 
z  =  0. 

f(z)  -  m 


Again,  f'( 0)  =  lim  - 


=  lim 

Z  — >0 


z 

3  ,  „.3\ 


(x3  -  y3)  +  i(x3  +  y3) 


(x2  +  y2)  ( x  +  iy ) 

Now  let  z  —>  0  along  y  =  x,  then 

(x3  -  y3)  +  i(x3  +  y3)  : 


f  (0)=lim 

2— >0 


(x2  +  y2)  ( x  +  iy) 

Again  let  z  0  along  y  =  0,  then 
x3  +  i(x3)  1 
x 


2  i 


1  +  i 


2(1  +  i) 


f(0)=  lim 


(x3) 


=  1  +  i 


So  we  see  that  f'( 0)  is  not  unique.  Hence  f\ 0)  does  not 
exist. 


2.  (A)  Since,  f'(z)  =  ^  =  lim  ^ 
dz  ^->0  Az 

Au  +  iAv  , 

or  /  (z)  =  lim -  ....(1) 

a®-*0  Ax  +  iAy 

Now,  the  derivative  f\z)  exits  of  the  limit  in  equation 
(1)  is  unique  i.e.  it  does  not  depends  on  the  path  along 
which  Az  — »  0. 
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Let  Az  ->  0  along  a  path  parallel  to  real  axis 

=>  Ay  =  0  .'.  Az  ->  0  =>  Ax  ->  0 

Now  equation  (1) 

Au  +  iAv  ..  A u  Av 

/  ( z )  =  lim - =  lim - h  i  lim  — 

A*-*0  AX  Ax->0  AX  Ax— >°  Ax 


...  .  du  .  dv 
f'{z)=  —  +  i  — 
ox  ox 


....(2) 


Again,  let  Az  — >  0  along  a  path  parallel  to  imaginary 
axis,  then  Ax  — >•  0  and  Az  — >•  0  — >  Ay  — >  0 
Thus  from  equation  (1) 

A  u  ...  Av 


if(z)  =  lim  Az  +  lAv  =  Km 

Ay->°  iAy  iAy 


i  lim 

Ay^0  iAz 


du  dv 

- 1 - 

idy  dy 


f’iz)  = 


-idu 


....(3) 


dv 

dy  dy 

Now,  for  existence  of  f'iz)  R.H.S.  of  equation  (2)  and  (3) 
must  be  same  i.e., 
du  .  dv  dv  .  du 

—  +  i  —  = - i  — 

dx  dx  dy  dy 

du  dv  .  dv  -du 

—  =  —  and  —  = - 

dx 


dx  dy 


dy 


dv 


...  .  du  .  du  dv 

f'(z)  = - 1  —  = —  +  i  — 

dx  dy  dy  dx 


3.  (A)  Given  fiz)  =  x2  +  iy2  since,  fiz)  =  u  +  iv 

Here  u  =  x2  and  v  =  y2 

,,  2  Sw  n  ,  du  . 

Now,  a  =  x  =>  — =2x  and — =0 

dx  dy 


and  v  =  y2 


we  know  that 


dv  .dv 

—  =0  and  —  =  2  y 

dx  dy 

...  ,  du  .du 

f{Z)=Tx~lTy 


....(1) 


and  /•'(z)=  — +  *—••••( 2) 

dy  dx 

Now,  equation  (1)  gives  f'iz)  =  2x  ....(3) 

and  equation  (2)  gives  f'{z)  =2y  ....(4) 

Now,  for  existence  of  f\z)  at  any  point  is  necessary  that 

the  value  of  f'iz)  most  be  unique  at  that  point,  whatever 

be  the  path  of  reaching  at  that  point 

From  equation  (3)  and  (4)  2x=2y 

Hence,  f\z)  exists  for  all  points  lie  on  the  line  x=y. 


4.  (B)  —  =2(1  -y)  ;  ^=0 

OX  OX 

°t—  2*;^=0 

dy  dy2 


....(1) 

....(2) 


d2u 

dx2 


8  u 
dy 2 


=  0,  Thus  u  is  harmonic. 


Now  let  v  be  the  conjugate  of  u  then 

du 


.  dv  .  dv  ,  du  , 

a  v  =  —  dx  h - dy  = - dx 

dx  dy  dy 


dx 


dy 


(by  Cauchy-Riemann  equation) 

=>  dv  =2x  dx  +  2(1  -  y)dy 
On  integrating  v  =  x2  -  y2  +  2y  +  C 


i  v 


....(1) 

....(2) 


5.  (C)  Given  f{z)  =  u  - 
=>  if(z)  =-v  +  iu 
add  equation  (1)  and  (2) 

=>  (1  +  i)f(z)  =(u  -v)  +  i(u  +  v) 

=>  F(z)  =U  +  iV 

where,  F(z)  =(1  +  i)f(z);  U  =(u-v);  V  =  u  +  v 
Let  F(z)  be  an  analytic  function. 

Now,  U  =  u-v  =6^(003  y  -  sin  y) 


dU  x  . 

- =  e  (cos  y  -  sm  y) 

dx 


,  dU  x.  , 

and - =  e  (-  sm  y  -  cos  y) 

dy 


Now,  dV  =  —  dx  +  —dy....{ 3) 

dy  dx 

=  e*(sin  y  +  cos  y)dx  +  e*(cos  y  -  sin  y)dy 

=  d[e*(sin  y  +  cos  y)] 

on  integrating  V"  =  eh  sin  y  +  cos  y  )  +  c, 

F(z)  =  U  +  iV  =  ex(cos  y  -  sin  y)  +  iehsin  y  +  cos  y)  +  ic1 
=  e^icos  y  +  i  sin  y)  +  iex( cos  y  +  i  sin  y)  +  jq 
F{z)  =(1  +  i)ex+iy  +  iq  =(1  +  i)ez  +  iq 
(1  +  i)f(z)  =(1  +  i)ez  +  fCj 


f{z)  =ez  + 


=  e  +  a 


i(l  -  i ) 

1  (1  +  j)(l  -  i) 


(i  +  1) 


1  +  i 

=>  f(z)=ez  +d  +  i)c 

6.  (C)  u  =  sinh  x  cos  y 

—  =cosh  xcos  y  =  ty.x,  y) 
dx 

and  —  =  -sinh  x  sin  y  =  vp( x,  y) 

dy 

by  Milne’s  Method 

f'iz)  =  ifz,  0)  -  i\|/(z,  0)  =  cosh  z  -  i  ■  0  =  cosh  z 
On  integrating  f(z)  =  sinh  z  +  constant 
=>  fiz)  =  w  =  sinh  z  +  ic 

(As  u  does  not  contain  any  constant,  the  constant  c  is  in 
the  function  x  and  hence  i.e.  in  w). 


7.  (A)  ^  =2 y=h(x,  y),  ^-=2 x  =  g(x,  y) 
dx  dy 

by  Milne’s  Method  f’iz)  =  giz,  0)  +  ihiz,  0)  =  2z  +  i  0  =  2z 
On  integrating  fiz)  =z2  +  c 
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8.  (D) 


dv  _  -( x 2  +  y2)  -(x  -y)2y 


dy  (x2  +  y2)2 

y2  -  x2  -2  xy  ,  . 

=  'l—2 - 2,2  =  g(x,  y) 

(x2  +y2)2 

dv  _  ( x 2  +  y2)  —  ( x  -y)2x  _  y2  -  x2  +  2 xy 


dx  (x2  +  y2)2 

By  Milne’s  Method 


(x2  +y2)2 


=  h(x,  y) 


f\z)  =  g(z,  0)  +  ih(z,  0)  =  — 77  +  il  — 7-  =  -  (1  +  i)  -r 


On  integrating 

f{z )  =  (1  +  i)J  dz  +  c  =  (1  +  i)  —  +  c 


9.  (A) 


du  _  2cos  2x  (cosh2y  -cos  2x)  -2  sin2  2x 


dx  (cosh2y -cos  2x)2 

2cos  2xcosh2y  -2 


=  <Kx,  y) 

2  =  v(*>  y) 


(cosh  2  y  -  cos  2y)2 
du  _  2sin2xsinh2y 
dy  (cosh2y -cos  2x) 

By  Milne’s  Method 
f'(z)  =  4(z,  0)  -z\|/(z,  0) 

2cos2z  -2  ....  -2 

- 1(0)  = : 


=  -  cosec  z 


(l-cos2z)2  l-cos2z 

On  integrating 

f(z)  =  - 1  cosec2  z  dz  +  ic  =  cot  z  +  ic 

10.  x  =  at  +  b,  y  =ct  +  d 
On  A,  z  =  1  +  i  and  On  B,  z  =  2  +  4i 
Let  z  =1  +  i  corresponds  to  t  =  0 
and  z  =2  +  4i  corresponding  to  t  =  1 
then,  t  =  0  =>  x  =  b,  y  =  d 

=>  b  =  1,  d  =  1 

and  t  =  1  =>  x=a  +  b,  y=c  +  d 

=>  2=a  +  l,  4=c  +  l=>  a  =  1,  c  =  3 

AB  is  ,  y  =  3£  +  1  =>  dx  =  dt  ;  dy  =3  dt 
J  f{z)dz  =  J  ( x2  +  ixy)(dx  +  idy) 

c  c 

1 

=  J[(t  +  l)2  +  i(t  +  l)(3t  +  1  )][dt  +  3 i  dt] 

(=0 

i 

=  J  \it2  +2t  +  l)  +  i(3t 2  +  4 1  +  1)](1  +  3  i)dt 


=  (l  +  3i) 


+  t2  +  t  +  i{t3  +  2 12  +  t) 


29 

Y 


iii 


11.  (D)  We  know  by  the  derivative  of  an  analytic 
function  that 


n !  r  f(z)  dz 


Taking  n  =  3,  J 


or  f  fWdz  2_Td 

\{z-z„r+1  ra! 


f(z)  dz  n i  j,,,.  . 

/  \4  _  Q  ' 

AZ-ZJ  3 


..(1) 


Given  fc 


e2zdz 


fi 


e2zdz 


(. z+ir  J.[2 -(-1)J 


Taking  f(z)  =e  ,  and  za  =-l  in  (1),  we  have 

f  e2zdz  m  12 
{  (z  +  l)4  3 

Now,  f(z)  =e2z  =>  f"'(z)  =  8e2z 

=>  f"'(- l)  =  8e~2 

equation  (2)  have 


r  e2zdz  8  ni  _2 
! (z  +  l)4  ~~3~S 


....(3) 


If  is  the  circle  |z|  =  3 

Since,  f(z)  is  analytic  within  and  on  z  =  3 

r  e2zdz  8  ni  _z 
- r  = - e 

J=:Y  +  1)  3 

12.  (D)  Since, 


1  -2z 


1  1 

■  +  ■ 


z(z-l)(z-2)  2z  z  —1  2(z-2) 


I 


1-2  z 


dz  =  -7j  +/2  -  -/.....(I) 
z(z  -  l)(z  -2)  2  1  2  2  3 


Since,  z  -  0  is  the  only  singularity  for  /,  =  \  —  dz  and  it 

c  2 

lies  inside  |z|  =  1.5,  therefore  by  Cauchy’s  integral 
Formula 

I1  =  \  —  dz  =  2  ni  ....(2) 

i2 

,  If  f(z)  dz 


2  ni  i  z  -z„ 


[Here  f(z)  =1  =  f(za )  and  za  =  0] 


Similarly,  for  I2  =  f  — ^ —  dz,  the  singular  point  z  =  1  lies 

e  2  - 1 

inside  |z|  =  1.5,  therefore  I2  =2ra....(3) 

For  I3  =| — - —  dz,  the  singular  point  z  =  2  lies  outside 

c  2  “2 

the  circle  |z|  =  1.5,  so  the  function  f{z)  is  analytic 
everywhere  in  c  i.e.  |z|  =1.5,  hence  by  Cauchy’s  integral 
theorem 

J8=f-^— <fe=0....(4) 

\z-2 

using  equations  (2),  (3),  (4)  in  (1),  we  get 

[ - - — — - dz  =  — (2  id)  +2  ni  —  —  (0)  =3  ni 

z(z  -  l)(z  -  2)  2  2 


13.  (B)  Given  contour  c  is  the  circle  Izl  =  1 
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=>  z  =  e10  =>  dz  =  wdQ 

Now,  for  upper  half  of  the  circle,  0  <  0  <  n 

f(z-z2)dz  =  j (e‘e  -  e2‘6)ieiedd 


•  f  /  2 1'0  -3i0\  7r\  • 

=  1 1  {e  —  e  jaO  =  i 


2  iQ  3i0 

e  e 
2  i  3  i 


.  1 


-■(e2”  - 1)  -  —  (e3nx  -1) 

2  3 


2 

3 


14.  (B)  Let  f(z)  =  cos  tiz  then  /'(z)  is  analytic  within  and 
on  \z\  =  3,  now  by  Cauchy’s  integral  formula 


f(*o)=  ^rj 

ta 

i 


f(z) 


2  ni  ,.z-z„ 


dz 


f(z)  dz 


z  -z„ 


=  2  nif(z0) 


take  f(z)  =cos  tiz,  zD  =1,  we  have 
cos  71 z 


z  - 1 


dz  =  2nif(l)  =  2tucos7i  =-2ni 


sin  tiz 


15. (D)  f- 

’  (z  -  l)(z  -2) 

=  }sin^dz-j 


-dz 


-  sin  7 iz2 


dz 


z  - 1 

=  2nif(2)-2nif(X)  since,  /(z)  =  sin  tiz2 
=>  /(2)  =  sin  47t  =0  and /■(!)=  sin  7i  =0 


16.  (D)  Let,  1  =  —  f  — 

2 ni  {  z2  -1 


cos  nz  dz 


2 

Or  /  = 


— —  f  f  — - - —  )cos  nz  dz 

■2ni  Jc^z  -1  z  +  lj 

1  (•  f  cos  nz 
4ni  "l  z  -  1 


cos  nz  cos  nz 
z  +  1 


17.  (D)  f(3)  =  J 


3z  +  7z  +  1 


singular  point  of 


z  -  3 

3z2  +  7z  +  1 
z  -  3 


dz  ,  since  za  =  3  is  the  only 


and  it  lies  outside  the 


circle  x2  +  y2  =  4  i.e.,  |z  =2,  therefore 

analytic  everywhere  within  c. 

Hence  by  Cauchy’s  theorem — 

■  3z2  +  7z  +  1 


3z  +  7z  +  1  . 


z  -  3 


is 


A 3)  =  J 


z  -  3 


dz  =0 


18.  (C)  The  point  (1  -i)  lies  within  circle  |z  =2  (  ...  the 
distance  of  1  -  i  i.e.,  (1,  1)  from  the  origin  is  V2  which  is 
less  than  2,  the  radius  of  the  circle). 

Let  (|i(z)  =  3z2  +  7z  +  l  then  by  Cauchy’s  integral  formula 


=>  f(z0)  =2nit\(z0)  =>  f'{z0)  =2nU/{z0) 

and  f"(z0)  =2ni  <| >"(z0) 

since,  <\(z)  =  3 z2  +  7z  +  1 

=>  ()>'  (z)  =  6z  +  7  and  4>"(z)  =  6 

f'(l  -  i)  =2tu[6(1  -  i)  +  7]  =2tt(5  +  13i) 


19.  (C)  f(z)  =  - — -  =  1  -  2 


z  +  1  z  +  1 

A0)=-1,  AD  =o 


=>  f'(z)  = 

f"(z )  = 
f"'(z)  = 


(z  +  l)2 
-4 

iz^lf  ^ 

12 


=>  f'(0)  =2; 
f"(0)  =  -4; 

A"(0)=12;  and  so  on. 


(z  +  l)4 

Now,  Taylor  series  is  given  by 

m = f(*0) +(z-  20)A(z0)  + (z  nz  „)  + 


(z  —  zn) 


3 

0  7  fill, 


3! 

about  z  =  0 

f(z)  =-l  +  z(2)  +  *M-4)  +  ^  (12)  +  .... 
2!  3! 

=  -1  +  2z  -2z2  +2z3.... 
f(z)=-l  +  2(z  -z2  +z3....) 


f"'(z0)  +  . 


20.  (B)  f(z)  = 


z  +  1 


AD=| 


f(z)  = 
f"(z )  = 


-1 


f"\z)  = 


(z  +  l)2 

2 

(2  +  l)3 
-6 


A(D=-1 

4 


A'(l)  = 


/■"'(l)  = - and  so  on. 

8 


(2  +  l)4 

Taylor  series  is 

f(z)  =  f(z0 )  +  (z  -  Z0)A(z0)  +  (Z  ~^°)2  /”(*„> 

(z  -z  )3 

t'QJ  rtn 


3! 


r(20)+. 


about  z  =  1 

AA  =  1+(2-i/^1]  +  (^f1l  +  (^f-3 

2  1,  4  J  2!  UJ  3!  8 

=  l-^{z-l)  +  ^{z-l)2 --l(z-l)3  +.... 

2  22  23  24 


or  f(z)  =  - 
2 


1  -^(z  -1)  +  -^-(z  -  D2  -i(z  -D3  ■ 

2  22  23 
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21.  (A)  fiz)  =  sinz  =>  f\  —  |  =  sin  —  =  -^- 


fiz)  =  cos  z 
f'iz)  =  -sinz 


f" 


1 

vr 


f'"iz )  =  -cos  z  =>  /"I  —  J  =  -  -j=-  and  so  on. 

Taylor  series  is  given  by 

f(z)  =  f(z0 )  +  (z  -z0)f(z0)  +  (z  ~Z'o) 2  f"(z0) 


2! 


(z-z0)3 

3! 


about  z  = 


fiz) 


1  + 

(-5) 

1  , 

,2 iJ 

r  i  ^ 

V2 

V2 

2! 

l  V2  J 

z  -  - 


3! 


1 

VT 


if  71 ' 

1  f  n)2 

1  ( 

x3 

71  \ 

1  +  z - 

- z - 

- z - 

l  4J 

2 !  V  4  J 

3!(. 

4  J 

fiZ)  V2 


22.  (D)  Let  f(z)=z~ 2  =  4  =  , 


/■(z)  =[1  -(1  +  z)]-2 

Since,  |l  +  z|  <  1,  so  by  expanding  R.H.S.  by  binomial 
theorem,  we  get 

fiz)  =  1  +  2(1  +  z)  +  3(1  +  z)2  +  4(1  +  z)3  +  ... 

+  (n  +  1)(1  +  z)n  +  ... 

or  fiz)  =  z'2  =1  +  £(n  +  l)(z  +  If 

n  ='. 

23.  (B)  Here  fiz)  = 


(z-l)(z-2)  z -2  z  —  1 


— (1) 


Since,  |z|  >  1 

1  1 


< 1  and  z  <2 


<1 


z  - 1 


z  1- 


=-  1-- 


1  f  1  1  1  1 

z  (  z  z  z 


and 


1 

z  -2 


1-- 


1  +  - 


z 

4 


equation  (1)  gives — 


fiz)=-=-\  1  + 


2  3 

z  z  z 


+  —  1  + 


or  fiz)  = . . .— z  4  -  z  2  -  z  1  —  —  -  —  z  -  — z2  — —  z0  -. .. 

2  4  8  18 


24.  (C)  4  <  1 
\z\ 


•=-  1- 


z  - 1  z 

and  1 


1  1  i  1 

z  2  z 


=  -  1  + 


—  —  1 - — —  1h - 1 - IT  d - o+---- 


z  -2  z 


Laurent’s  series  is  given  by 


2  3 

z  z  z 


fiz)  =  —  1  + 


i  r  i 


4  98 


If,  1  1  1 

1  +  “  +  ~Z  +  T  +  ’• 

z  v  z  z  z 


...  1  3  7 

fiz)  -  +  —j  +  +  ■  ■  ■ 

z  z  z 


25.  (B)  Izl  <  1, 


z -2  z - 1 


=-44  +a-z)-1 


i  + 


z  z2  z3 


+  (1  +  z  +  z2  +  z3  +  ...) 


fiz)  = - 1 - ZH - Z2  H - Z" 

2  4  8  16 


26.  (D)  Since, 


z(z-l)(z-2)  2z  z  —  1  2(z -2) 

For  |z  — 1|  <  1  Let  z  - 1  =  u 
=>  z  =  u  +  1  and  |u|  <  1 

1  _  1  1  1 

z(z  -l)(z  -2 )~2z  4l+2(z-2) 

= - 1 - -  + - - - =-(1  +  uY1  -u1  --il-uY1 

2(w  +  l)  u  2(u-1)  2  2 

=  —  [1  —  u  u  —  u  +...]  —  u  —  (1  +  u  +  u  +  u  +...) 
2  2 

=  —  i~2u  -2a3  -  ...)  -  u1  =-u  -  u3  -  u5  -  ...  -  u1 
2 

Required  Laurent’s  series  is 

Az)  =  -(z-ir1-(z-l)-(z-l)3-(z-l)6-... 


27.  (B)  Let  fiz)  = 


z(e2  - 1) 


1  +  z  ■ 


2!  3!  4! 


-1 
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[  f(z)dz  =  2  ni  x  —  =  —  ni 
J  6  3 


34.  (B)  Let  z=eli 


and  cos  0  =  —  z  ■ 
2  1 


dQ  =  idz  .  z<Q<2n 


z  / 
-idz 


=  -2iJ 


dz 


z  +  4z  +  1 

1 


Let  f{z)  =  — 

2+42  +  1 

f(z)  has  poles  at  2  =  -  2  +  a/3,  -2  -  a/3  out  of  these  only 
2  =  -2  +  a/3  lies  inside  the  circle  c  :|z|  =  1 
J  f(z)dz  =2ra'(Residue  at  2  =  -2  +  a/3) 

C 

Now,  residue  at  2  =  -2  +  a/3 
=  lim  _  (2  +  2  -  y[3)f(z)  =  lim  _  - - — 

2^2+Va  z^-2+V3  (z  +2  +  a/3)  2 a/3 


|  f(z)dz  =2 to  x  — = 
,  2a/3 


Til 

vr 


j 


G?0 


ni  2  7x 


— _ 2  ^  x  _ 

2  +  cos  0  a/3  a/3 


35.  (C)  J  =  f- 
J  1 


dz  =  J  f(z)dz 


,  (22  +  a2)(22  +  62) 

where  c  is  be  semi  circle  r  with  segment  on  real  axis 
from  -R  to  R. 

The  poles  are  2  =±ia,  z  =  ±ib.  Here  only  z  =ia  and 
2  =ib  lie  within  the  contour  c 
J  f(z)dz  =2  ni 

C 

(sum  of  residues  at  z  =ia  and  2  =  ib) 

Residue  at  2  =  ia, 

,2  „ 

=  lim  (2  -  ia)  ■ 


(2  -  ia)(z  -  ia)(z 2  +  b2)  2 )(a2  -  b2) 

Residue  at  z  =ib 

=  lim  (2  -  ib) - — - = - — — 

z^ib  (z  -  ia)(z  +  ia)(z  +  ib){z  -  ib)  2  i(a  -  b  ) 


|  f(z)dz  =  |  f(z)dz  +  |  f{z)dz 

c  r  -R 

2ni 


2 i{a2  -b2) 


( a  -b)  = 


Now  |  f(z)dz  =  J 

Tt 

-I 


ie2'9iRe‘sdO 


J0(R2e2t9  +  a2)(R2e2i9  +  b2) 


R 


dQ 


0 1  e2iB  +  a 

R 


R2 


Now  when  R  — >  00,  J  b(z)dz  =0 


j-”  R0 

-  f  z 

00 

*  2  +  cos  0 

•24H  j 

1; 

—00 

-dz  =- 


_J„(x2  +  a2)(x2  +  b2)  a  +  b 
36.  (C)  Let  I  =  J =  J  f(z)dz 

c  is  the  contour  containing  semi  circle  r  of  radius  R  and 
segment  from  -R  to  R. 

For  poles  of  f{z),  1  +  2 6  =0 
=>  z  =(  ~1)^6  =  eif2n+1)^6 
where  n  =  0,  1,  2,  3,  4,  5,  6 

Only  poles  2  =  +  ^  ,  i,  '  lie  in  the  contour 


Residue  at  2  = 


Ha/3  +  i 


(2t  -Z2)(z1  -z3)(z1  ~Z4)(z1  -ZB)(z1  —  26) 
1  1-a/3 i 


3)(1  +  a/3  i)  12) 


Residue  at  2  =  i  is  — 
6i 


-f-t  •  j  ,  1  +  a/3)  .  1  1  +  a/3) 

Residue  at  2  = - is  = - == —  = - 

12  j  3)(1  -  a/3))  12) 


|  f(z)dz  =  J  f{z)dz  +  |  f{z)dz 


=  —^-(1  -  a/3)  +  1  +  a/3)  +  2))  =  — 
12)  3 


or 


J  f{z)dz  +  \f{z)dz~....{  1) 


)e‘eo?0 


M  f  f(  .  ,  f  iRe‘9dQ  r 

No*  j/-(z)d2  - frravis-H 


R! 


0  — <r  +  e" 

R 


where  R  — >  00,  J  f{z)dz  ->  0 

00 

'M  r 


ax 

x6 


2ti 

3 
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n  In  a  frequency  distribution,  the  mid  value  of  a  class  is 
15  and  the  class  interval  is  4.  The  lower  limit  of  the 
class  is 


;  j  A  distribution  consists  of  three  components  with 
frequencies  45,  40  and  15  having  their  means  2,  2.5  and 
2  respectively.  The  mean  of  the  combined  distribution  is 


(A)  14  (B)  13 

(C)  12  (D)  10 


(A)  2.1  (B)  2.2 

(C)  2.3  (D)  2.4 


2  The  mid  value  of  a  class  interval  is  42.  If  the  class 
size  is  10,  then  the  upper  and  lower  limits  of  the  class 
are 

(A)  47  and  37  (B)  37  and  47 

(C)  37.5  and  47.5  (D)  47.5  and  37.5 

1 1  The  following  marks  were  obtained  by  the  students 
in  a  test:  81,  72,  90,  90,  86,  85,  92,  70,  71,  83,  89,  95, 
85,79,  62.  The  range  of  the  marks  is 
(A)  9  (B)  17 

(C)  27  (D)  33 

The  width  of  each  of  nine  classes  in  a  frequency 
distribution  is  2.5  and  the  lower  class  boundary  of  the 
lowest  class  is  10.6.  The  upper  class  boundary  of  the 
highest  class  is 

(A)  35.6  (B)  33.1 

(C)  30.6  (D)  28.1 


2|  Consider  the  table  given  below 


The  arithmetic  mean  of  the  marks  given  above,  is 
(A)  18  (B)  28 

(C)  27  (D)  6 

j  The  following  is  the  data  of  wages  per  day:  5,  4,  7,  5, 
8,  8,  8,  5,  7,  9,  5,  7,  9,  10,  8  The  mode  of  the  data  is 

(A)  5  (B)  7 

(C)  8  (D)  10 


In  a  monthly  test,  the  marks  obtained  in 
mathematics  by  16  students  of  a  class  are  as  follows: 
0,  0,  2,  2,  3,  3,  3,  4,  5,  5,  5,  5,  6,  6,  7,  8 

The  arithmetic  mean  of  the  marks  obtained  is 


|j  The  mode  of  the  given  distribution  is 


Weight  (in  kg) 

40 

43 

46 

49 

52 

55 

Number  of  Children 

5 

8 

16 

9 

7 

3 

(A)  3  (B)  4  (A)  55  (B)  46 

(C)  5  (D)  6  (C)  40  (D)  None 
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m  If  the  geometric  mean  of  x,  16,  50,  be  20,  then  the 
value  of  x  is 

(A)  4  (B)  10 

(C)  20  (D)  40 


EQ  If  the  arithmetic  mean  of  two  numbers  is  10  and 
their  geometric  mean  is  8,  the  numbers  are 
(A)  12,  18  (B)  16,  4 

(C)  15,  5  (D)  20,  5 


m  The  median  of 
0,  2,  2,  2,  -3,  5,  -1, 

(A)  0 
(C)  2 


5,  5,  -3,  6,  6,  5,  6  is 

(B)  -1.5 
(D)  3.5 


Til  Consider  the  following  table 


Diameter  of  heart  (in  mm) 

Number  of  persons 

120 

5 

121 

9 

122 

14 

123 

8 

124 

5 

125 

9 

The  median  of  the  above  frequency  distribution  is 

(A)  122  mm 

(B)  123  mm 

(C)  122.5  mm 

(D)  122.75  mm 

0  The  mode  of  the  following  frequency  distribution,  is 

Class  interval 

Frequency 

3-6 

2 

6-9 

5 

9-12 

21 

12-15 

23 

15-18 

10 

18-21 

12 

21-24 

3 

FBI  The  mean  deviation  of  the  following  distribution  is 


X 

10 

11 

12 

13 

14 

f 

3 

12 

18 

12 

3 

(A)  12  (B)  0.75 

(C)  1.25  (D)  26 


m  The  standard  deviation  for  the  data  7,  9,  11,  13, 
15  is 

(A)  2.4  (B)  2.5 

(C)  2.7  (D)  2.8 

FBI  The  standard  deviation  of  6,  8,  10,  12,  14  is 
(A)  1  (B)  0 

(C)  2.83  (D)  2.73 

The  probability  that  an  event  A  occurs  in  one  trial  of 
an  experiment  is  0.4.  Three  independent  trials  of 
experiment  are  performed.  The  probability  that  A 
occurs  at  least  once  is 
(A)  0.936  (B)  0.784 

(C)  0.964  (D)  None 


ETffl  Eight  coins  are  tossed  simultaneously.  The 
probability  of  getting  at  least  6  heads  is 


CA)£ 

(Of 


(B) 

256 

(D) 

256 


A  can  solve  90%  of  the  problems  given  in  a  book  and 
B  can  solve  70%.  What  is  the  probability  that  at  least 
one  of  them  will  solve  a  problem,  selected  at  random 
from  the  book? 

(A)  0.16  (B)  0.63 

(C)  0.97  (D)  0.20 


A  speaks  truth  in  75%  and  B  in  80%  of  the  cases.  In 
what  percentage  of  cases  are  they  likely  to  contradict 
each  other  narrating  the  same  incident  ? 

(A)  5%  (B)  45% 

(C)  35%  (D)  15% 


(A)  11.5  (B)  11.8 

(C)  12  (D)  12.4 

23  The  mean-deviation  of  the  data  3,  5, 
11,  14  is 

(A)  4  (B)  3.25 

(C)  2.75  (D)  2.4 


The  odds  against  a  husband  who  is  45  years  old, 
living  till  he  is  70  are  7:5  and  the  odds  against  his  wife 
6,  7,  8,  10,  who  is  36,  living  till  she  is  61  are  5:3.  The  probability 
that  at  least  one  of  them  will  be  alive  25  years  hence,  is 

(A)  §  (B)  £ 

(C)  (D)  None 
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The  probability  that  a  man  who  is  x  years  old  will 
die  in  a  year  is  p.  Then  amongst  n  persons 
A1 ,  A2 An  each  x  years  old  now,  the  probability 
that  A1  will  die  in  one  year  is 


(A)  -L 


(C)  4Ll-(l-p)',l 


(B)  1  -(1  -  p)n 


(D)  A[i_(i_p)»] 
n 


A  bag  contains  4  white  and  2  black  balls.  Another 
bag  contains  3  white  and  5  black  balls.  If  one  ball  is 
drawn  from  each  bag,  the  probability  that  both  are 
white  is 


(A)i- 

24 

(C)|- 

24 


(B)  \ 
4 


(D)  None 


ETtl  A  bag  contains  5  white  and  4  red  balls.  Another  bag 
contains  4  white  and  2  red  balls.  If  one  ball  is  drawn 
from  each  bag,  the  probability  that  one  is  white  and  one 
is  red,  is 


(A) 

(C) 


13 

27 

4 

27 


(B)  4 

27 

(D)  None 


►Mr#  An  anti-aircraft  gun  can  take  a  maximum  of  4  shots 
at  an  enemy  plane  moving  away  from  it.  The 
probabilities  of  hitting  the  plane  at  the  first,  second, 
third  and  fourth  shot  are  0.4,  0.3,  0.2  and  0.1 
respectively.  The  probability  that  the  gun  hits  the  plane 
is 

(A)  0.76  (B)  0.4096 

(C)  0.6976  (D)  None  of  these 

ETHI  If  the  probabilities  that  A  and  B  will  die  within  a 
year  are  p  and  q  respectively,  then  the  probability  that 
only  one  of  them  will  be  alive  at  the  end  of  the  year  is 
(A)  pq  (B)  p(l  -q) 

(C)q(l-p)  (B)  p+ 1-2 pq 


sill  If  3  is  the  mean  and  (3/2)  is  the  standard  deviation 
of  a  binomial  distribution,  then  the  distribution  is 


(  3 

iY2 

(B)  | 

<1  3f 

-  +  - 

14 

4  ) 

v.2  2  J 

(A 

1  A60 

(D) 

(1  4  Y 

-  +  - 

— i — 

15 

5  J 

v5  5  J 

gJD  The  sum  and  product  of  the  mean  and  variance  of  a 
binomial  distribution  are  24  and  18  respectively.  Then, 
the  distribution  is 


(C) 


A  die  is  thrown  100  times.  Getting  an  even  number 
is  considered  a  success.  The  variance  of  the  number  of 


f  1  if 

,D  f1  3Y6 

-  +  — 

f  8  J 

U  4  J 

f  1  5f 

/T..(  1  1Y2 

—  +  — 

D  -  +  - 

U  6  J 

U  2  j 

successes  is 

(A)  50 
(C)  10 


(B)  25 
(D)  None 


A  die  is  thrown  thrice.  Getting  1  or  6  is  taken  as  a 
success.  The  mean  of  the  number  of  successes  is 


,A,2 

(C)  1 


(B) 


(D)  None 


If  the  sum  of  mean  and  variance  of  a  binomial 
distribution  is  4.8  for  five  trials,  the  distribution  is 

■“(Hr  ®ii-r 


(D)  None  of  these 


Eg!  A  variable  has  Poission  distribution  with  mean  rn. 
The  probability  that  the  variable  takes  any  of  the 
values  0  or  2  is 

,2  ' 


(A)  e  m^l  +  m 
(C)  e4l  +  m2r1/2 


m 

2! 


(B)  em(l  +  m)“^2 


(D)  e~m\  1  + 


m 

2! 


^2  In  a  binomial  distribution,  the  mean  is  4  and 
variance  is  3.  Then,  its  mode  is 
(A)  5  (B)  6 

(C)  4  (D)  None 
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Blil  If  A  is  a  Poission  variate  such 
P( 2)  =9P(4)  +  90P(6),  then  the  mean  of  X  is 
(A)  ±1  (B)  ±  2 

(C)  ±  3  (D)  None 
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When  the  correlation  coefficient  r  =  ±  1,  then  the 
two  regression  lines 

(A)  are  perpendicular  to  each  other 

(B)  coincide 

(C)  are  parallel  to  each  other 

(D)  do  not  exist 

^  r  =0,  then 

(A)  there  is  a  perfect  correlation  between  x  and  y 

(B)  x  and  y  are  not  correlated. 

(C)  there  is  a  positive  correlation  between  x  and  y 

(D)  there  is  a  negative  correlation  between  x  and  y 


33  If  =  30,  I y,  =  42,  I  xji  =  199,  I  xf  =  184, 
Zyf  =  318  and  n  =  6,  then  the  regression  coefficient  b 
is 

(A)  -0.36  (B)  -0.46 

(C)  0.26  (D)  None 

m  Let  r  be  the  correlation  coefficient  between  x  and  y 
and  b  ,  b  be  the  regression  coefficients  of  y  on  x  and 
x  on  y  respectively  then 
(A)  r  =  bxy  +  byx  (B)  r  =  bxy  x  byx 

(C)  r=yjbxyx  byx  (Dj  r  =  \bxy  +  byx) 


5TSI  If  Zx;  =15,  2y;=36,  Ixiyi=  110  and  n=  5,  then 

cov  (x,  y)  is  equal  to 

(A)  0.6  (B)  0.5 

(C)  0.4  (D)  0.225 


H2  Which  one  of  the  following  is  a  true  statement. 
(A)  \(bxy  +  byx)  =  r  (B)  \(bxy  +  byx)  <r 

(C)  \  (bxy  +  byx)  >  r  (D)  None  of  these 


?Til  If  cov  (x,  y)  =  -16.5,  var  (x)  =  2.89  and  var  (y)  =  100, 
then  the  coefficient  of  correlation  r  is  equal  to 
(A)  0.36  (B)  -0.64 

(C)  0.97  (D)  -0.97 


If  b  =  1.6  and  bxy  =  0.4  and  0  is  the  angle  between 
two  regression  lines,  then  tan  0  is  equal  to 

(A)  0.18  (B)  0.24 

(C)  0.16  (D)  0.3 


[3  The  ranks  obtained  by  10  students  in  Mathematics 
and  Physics  in  a  class  test  are  as  follows 


Rank  in  Maths 

Rank  in  Chem. 

1 

3 

2 

10 

3 

5 

4 

1 

5 

2 

6 

9 

7 

4 

8 

8 

9 

7 

10 

6 

The  equations  of  the  two  lines  of  regression  are  : 
4x  +  3y  +  7=0  and  3x  +  4y  =  8=0.  The  correlation 
coefficient  between  x  and  y  is 
(A)  1.25  (B)  0.25 

(C)  -0.75  (D)  0.92 


If  covfX.  Y )  =  10.  var  (A)  =  625  and  var(Y)  =  31.36, 
then  p(X,  Y)  is 

(A)  |  (B)  | 

(C)  |  (D)  0.256 


If  Ex  =  Zy  =  15, 
n=  5,  then  bxy  =  ? 
(A) -| 

(C)  -i 


Zx2  =Zy2  =49,  Zxy  =  44  and 

(B)  -  f 
CD) -i 


The  coefficient  of  correlation  between  their  ranks  is 
(A)  0.15  (B)  0.224 

(C)  0.625  (D)  None 

^3  If  2x;  =24,  Zy,  =44,  2xiyi=306,  Ex2  =164, 

'Ey2  =574  and  n=  4,  then  the  regression  coefficient  byx 
is  equal  to 

(A)  2.1  (B)  1.6 

(C)  1.225  (D)  1.75 


2S2lfZx  =  125,  Zy  =100,  Ex2  =1650,  Zy2  =1500, 
Zxy  =50  and  n  =25,  then  the  line  of  regression  of  x  on 

y  is 

(A)  22x  +  9y  =  146  (B)22x-9y=74 


(C)  22x-9y  =  146 


(D)  22x  +  9y  =74 
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A.M. 


=  A  + 


Ufd) 


=  28. 


1.  (B)  Let  the  lower  limit  be  x.  Then,  upper  limit  is 
x  +  (x  +  4) 


x  +  4. 


=  15 


x  =  13. 


8,  (C)  Since  8  occurs  most  often,  mode  =8. 

9.  (B)  Clearly,  46  occurs  most  often.  So,  mode  =46. 


2.  (A)  Let  the  lower  limit  be  x.  Then,  upper  limit  x  +  10. 

x  +  (x  +  10) 


=  42 


x  =  37. 


2 

Lower  limit  =37  and  upper  limit  =47. 

3,  (D)  Range  =  Difference  between  the  largest  value 


=  (95  -62)  =  33. 


4,  (B)  Upper  class  boundary  =  10.6  +  (2.5  x  9)  =  33.1. 


5.  (B) 


Marks 

Frequency  f 

fxl 

0 

2 

0 

2 

2 

4 

3 

3 

9 

4 

1 

4 

5 

4 

20 

6 

2 

12 

7 

1 

7 

8 

1 

8 

=  16 

HZ’  x  x)  =  64 

A.M.  =  ^/~ X  x)  =  —  =  4. 
'Lf  16 


6.  (B)  Mean 


45  x  2  +  40  x  2.5  +  15  x  2 

100 


220 

100 


=  22. 


7.  (B) 


Class 

Mid 
value  x 

Frequenc 

y  f 

Deviation 
d=  x- A 

f  x  d 

0-10 

5 

12 

-20 

-240 

10-20 

15 

18 

-10 

-180 

20-30 

25  =  A 

27 

0 

0 

30-40 

35 

20 

10 

200 

40-50 

45 

17 

20 

320 

50-60 

55 

6 

30 

180 

If  =  100 

l(f  x  d)=  390 

10.  (B)  (ix  16  x  50)1/3  =20 
20  x  20  x  20 


x  = 


16x50 


=  10. 


xx  16x50  =(20)3 


11.  (B)  Let  the  numbers  be  a  and  6  Then, 

a  +  ^  =  10  =>  (a +  6)  =20  and 

2 

■Jab  =8  =>  ab  =  64 

a  -  b  =  J(a  +  bf  -  4 ab  =  -J 44  -  256  =  Vl44  =  12. 

Solving  a  +  b  =20  and  a  -  b  =  12  we  get  a  =  16  and 
6  =  4. 

12.  (D)  Observations  in  ascending  order  are 
-3,  -3,  -1,  0,  2,  2,  2,  5,  5,  5,  5  6,  6,  6 
Number  of  observations  is  14,  which  is  even. 

Median  =  —  [7  the  term  +8  the  term]  =  —  (2  +  5)  =  3.5. 

2  2 


13.  (A)  The  given  Table  may  be  presented  as 


Diameter  of  heart 
(in  mm) 

Number  of 
persons 

Cumulative 

frequency 

120 

5 

5 

121 

9 

14 

122 

14 

28 

123 

8 

36 

124 

5 

41 

125 

9 

50 

Here  n=  50.  So,  —  =25  and  —  +  1=26. 

2  2 

1  199+199 

Medium  =  (25th  term  +26  th  term)  = - =  122. 

2  2 

[  ...  Both  lie  in  that  column  whose  c.f.  is  28] 


14.  (B)  Maximum  frequency  is  23.  So,  modal  class  is 
12-15. 

4=12,  4=15,  f  =23,  4  =21  and  f2  =  10. 

Thus  Mode  =  L,  +  — —  (L,  -  L, ) 

2  f-k-U 
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=  12  +  (23  21)  (15  - 12)  =  12.4. 

(46-21-10) 

15.  (C)  Mean  =  j^3  +  5  +  6  +  7  +  8  +  10  +  11  +  14  j  =  g 

Z8  =  |3  -  8|  +  |5  -  8|  +  |8  -  8|  +  |10  -  8|  +  |ll  -  8|  +  |14  -  8| 
=  22 

Thus  Mean  deviation  =  —=—=2.75. 

n  8 


16.  (B) 


X 

f 

f  X  X 

8  =  \x  -  M\ 

f  x  8 

10 

3 

30 

2 

6 

it 

12 

132 

1 

12 

12 

18 

216 

0 

0 

13 

12 

156 

1 

12 

14 

3 

42 

2 

6 

00 

II 

Ific  =  576 

1/8  =  36 

Thus  M=  — =  12. 

48 

So,  Mean  deviation  =  — ^*  =—  =0  .75 
n  48 


^  _  rr\\  7  +  9  +  11  +  13  +  15  55  ^ 

17.  (D)  m  = - = —  =  11. 

5  5 

E82  =17 -1112  +19 -1112  +  |11 -11|2  +|13-11|2  + 115  — 11|2  =40 


=  J— =J—  =  ^8  =2^2  =2x1.41=2  B. 


40 


18.  (C)  M  =  6  + 8  +  10  +  12  +  14  =  ^  =  10, 

5  5 

E82  =  6  - 10|  2+ 18  - 10|2  + 110  - 10|2  + 112  - 10|2  + 114  - 10|2  =  40 


=  V8=2V2=2x  1.414  =2.83  (app.) 


19.  (B)  Here  p  =  0.4,  q  =  0.6  and  n  =  3. 

Required  probability  =  P( A  occurring  at  least  once) 

=  %  -(0.4)  x  (0.6)2  +  3C2  •  (0.4) 2  x  (0.6)  +  3C3  -(0.4)3 

fQ  4  36  „  16  6  64  ^  784  n_Q. 

=  3  x  —  x - +  3  x - x  —  + -  = - =  0.784. 

10  100  100  10  1000  J  1000 


20.  (B)  p=l  , 

Zj 


n  =  8.  Required  probability 


8x7  1  0  1  1  37 

- x - h  8  x - 1 - = - 

2x  1  256  256  256  256 


21.  (C)  Let  E  =  the  event  that  A  solves  the  problem,  and 


F  =  the  event  that  B  solves  the  problem. 
Clearly  E  and  F  are  independent  events. 


P(E)  = 


90 

100 


=  0.9, 


P(P)  = 


70 

100 


=  0.7, 


P(E  =  F )  =P{E)  -P(F)  =0.9  x  0.7  =0.63 
Required  probability  =P(E  u  F) 

=  P(E )  +  P(F ) -P(E  =  F)  =  (0.9  +0.7  -  0.63)  =0.97. 


22.  (C)  Let  E  =event  that  A  speaks  the  truth. 
F  =event  that  B  speaks  the  truth. 


P(E)=  1-4  = 


P{E) 

_  75  _  3 

P(F)  =  iln  = 

”  100  “  4  ’ 

100 

3' 

\  1 

-  (  4 

1-- 

TO=1- 

4  , 

1  4 

t  5 

1 

5 


P  (A  and  B  contradict  each  other). 

=  P\(A  speaks  truth  and  B  tells  a  lie)  or  (A  tells  a  lie  and 
B  speaks  the  truth)] 

=  P  (E  and  F  )  +  P  (E  and  F) 

=  P(E)P(F)  +  P(E)P(F) 

=  3xl+lx4=A+l=  WX 

4  X  5  +  4  ^  5  20  +  5  20  1.20 


x  100  %  =  35%. 


23.  (A)  Let  E  =  event  that  the  husband  will  be  alive  25 
years  hence  and  F  =event  that  the  wife  will  be  alive  25 
years  hence. 

Then,  P(E)=—  and  P(F)  =  - 
12  8 

Thus  P(E)  =fl -  — 1  =  —  and  P(F)  =(  1  --1  =  -  . 

t  12 )  12  8  J  8 

Clearly,  E  and  F  are  independent  events. 

So,  E  and  F  are  independent  events. 

P(at  least  one  of  them  will  be  alive  25  years  hence) 

=  1  -  P(none  will  be  alive  24  years  hence) 

=  1  -P(E=F)  =1-P(E)-P(F)=\  1-  —  x- 1  =  — 

l,  12  8  J  96 


24.  (D)  P(none  dies) 

=  (1  -  p)  (1  -  p)....n  times  =(l-p)n 
P(at  least  one  dies)  =  1  -(1  -  p)n . 

P(A1  dies)  =—  {1  -(1  -  p)n\. 
n 


=  P  (6  heads  or  7  heads  or  8  heads) 
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39.  (C)  x  =  ^  =  —  =  3,  y  =  ^  =  —  =  7 2 
n  5  n  5 


y i  =  rr 


cov(x,  y)  =|  — —  -  xy  I  =1  — - 3  x  12  |  =0.4 


110 


40. (D)  r  = 


cov  (x,  y) 


-16.5 


■Jv ar  (x)  •  var  (y)  ^2.89  x  100 


=  -0.97. 


41.  (B)  =  -2,  -8,-2,  3,  3,  -  3,  3,  0,  2,  4. 

ZD,2  =(4  +  64  +  4  +  9+  9+  9+  9+  0  +  4  +  16)  =  128. 
6  (ZD2) 


R  = 


1- 


/z(m2  -  1) 


=  1  1-  6x  128  =—=0.224. 


10  x  99  1  165 

(Zx,)(Zy,) 


42.  (A)  byx  =  - 


Zx2-^ 


47.  (C)  Given  lines 

are  : 

and 

X  = 

7  3  ' 

- y 

I 

b,„  = 

l 

-3 

A 

and 

j 

6„,. ; 

yx 

4 

xy 

So, 

r2  = 

_  9 

l  4  4  ) 

_  16 

3 

4 


-3 

4 


3 

4 


[...  byx  and  bxy  are  both  negative  ->  r  is  negative] 


48.  (A)  p(X,  Y )  = 


cov(Z,  Y) 


10 


49‘  (C)  ^  nZx2  -(Zx)2 


Vvar(A)  var(Y)  ^625  x  31.36  7 

nZxy  -(Zx)(Zy) 


5x  44  -15x  15 
5  x  49  -  15  x  15 


J. 

4 


306  - 


24  x  44 


164  - 


(24)2 


(306-264)  42 

(164-144)  20 


=  2.1 


43.  (B)  byx  = 


(Zx.XZy,) 


2  (Zy.)2 


199  - 


30  x  42 


318  - 


42  x  42 


(199  -210)  _  -11 
(318  -294)  ~  24 


=  -0.46. 


501  nZy2  -(Zy)2 

25x50  -125x  100  _  9 

~  25  x  1500  -100  x  100  22 

A1  _  125  _  _  100  . 

Also,  x  = - =5,  y= - =  4. 

25  25 

Required  line  is  x  =  x  +  b  (y  -  y) 


x  =  5  +  —  (y  -4) 
22 


22x  -9y  =74. 


44.  (C)  b  =r  ■  —  and  bxy=r  — 
ox  oy 


r  =b  xb 

xy  yx 


45.  (C)  —  (6  +  6  )  >  r  is  true  if  — 
2  2 


oy  ox 

r  •  —  +  r - 

ox  oy 


>  r 


i.e.  if  ay  +  ax  >2  a,  ay 

i.e.  if  (c  -  ct  J2  >0,  which  is  true. 


46.  (A)  r  =71.6x0.4  =^64  =0.8 


byx  =  r  ■ 

a 

=>  — 

y  byx  1-6  2 

a 

,  r  0-8 

1 

Ov 

i 

5 

Gv 

m1  =  —  ■ 

:  —  XS 

J  =  —  ,  m9  =  r  ■ 

II 

O 

oo 

X 

to 

r 

0.8 

2  2 

(  m. 

-  m9  ^ 

f  2.5  - 1.6  'l 

0.9 

tan  0  = 

1 

2 

- 

=  0.18. 

1  +  m1m2  J  {  1  +  2.5  x  1.6  J  5 
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x2 

(B)  — 
2 

x2 

(C)  — 
2 

x2 

(D) t 


20  160 


20  +  160  + 


4400 


2400 


40 


480  2400 


Statement  for  Q.  18-19: 


For  —  =  1  +  y2  given  that 
dx 


x : 

0 

0.2 

0.4 

0.6 

y- 

0 

0.2027 

0.4228 

0.6841 

m  For  dy/dx  =  xy  given  that  y  =  1  at  x  =0.  Using  Euler 
method  taking  the  step  size  0.1,  the  y  at  x  =0.4  is 
(A)  1.0611  (B)  2.4680 

(C)  1.6321  (D)  2.4189 

Statement  for  Q.  13-15. 

For  dy/dx  =  x2+y 2  given  that  y  =  l  at  x=0. 
Determine  the  value  of  y  at  given  x  in  question  using 
modified  method  of  Euler.  Take  the  step  size  0.02. 


Using  Milne’s  method  determine  the  value  of  y  for 
x  given  in  question. 


[0  y  (0.8)  =? 
(A)  1.0293 
(C)  0.6065 

[0  y  (1-0)  =? 
(A)  1.9428 
(C)  1.5555 


(B)  0.4228 
(D)  1.4396 

(B)  1.3428 
(D)  2.168 


tTSl  y  at  x  =0.02  is 
(A)  1.0468 
(C)  1.0346 

^3  y  at  x  =0.04  is 
(A)  1.0316 
(C)  1.403 


(B)  1.0204 
(D)  1.0348 

(B)  1.0301 
(D)  1.0416 


nil  y  at  x  =0.06  is 

(A)  1.0348  (B)  1.0539 

(C)  1.0638  (D)  1.0796 


For  dy/dx  =  x  +  y  given  that  y  =  1  at  x  =0.  Using 
modified  Euler’s  method  taking  step  size  0.2,  the  value 
of  y  at  x  =  1  is 

(A)  3.401638  (B)  3.405417 

(C)  9.164396  (D)  9.168238 


EH  For  the  differential  equation  dy/dx  =  x-y 2  given 
that 


x: 

0 

0.2 

0.4 

0.6 

y: 

0 

0.02 

0.0795 

0.1762 

Using  Milne  predictor— correction  method,  the  y  at 
next  value  of  x  is 


(A)  0.2498 
(C)  0.4648 


Statement  for  Q.20-22: 

Apply  Runge  Kutta  fourth  order  method  to  obtain 
y  (02),  y  (0.4)  and  y  (0.6)  from  dy/dx  =  1  +  y2,  with  y  =0 
at  x  =0.  Take  step  size  h  =02. 


3a  y  (o.2)  =? 

(A)  0.2027 
(C)  0.3846 

31  y  (0.4)  =? 
(A)  0.1649 
(C)  0.4227 


31  y  (0.6)  =? 
(A)  0.9348 

(C)  0.6841 


(B)  0.4396 
(D)  0.9341 

(B)  0.8397 
(D)  0.1934 


(B)  0.2935 
(D)  0.563 


EE51  For  dy/dx  =  x  +  y2  ,  given  that  y  =  1  at  x  =0.  Using 
Runge  Kutta  fourth  order  method  the  value  of  y  at 
x  =02  is  (h  =02) 

(A)  1.2735  (B)  2.1635 

(C)  1.9356  (D)  2.9468 


^3  For  dy/dx  =  x  +  y  given  that  y  =  1  at  x  =0.  Using 
Runge  Kutta  fourth  order  method  the  value  of  y  at 
x  =0.2  is  (h  =0.2) 


(A)  1.1384 
(C)  1.2428 


(B)  1.9438 
(D)  1.6389 


(B)  0.3046 
(D)  0.5114 
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1.  (B)  Let  fix)  =  x3  -  4x -9 


x2  =  x0 - — — — —  fix  0) 

fix,) -fix o) 


=  3.5  - 


0.5 


0.3979  +  0.5441 


(-0.5441)  =3.7888 


Since  fi2)  is  negative  and  /'( 3)  is  positive,  a  root  lies 
between  2  and  3. 

First  approximation  to  the  root  is 

x,  =-(2  + 3)  =2.5. 

2 

Then  fix,)  =2.53 -4(2.5) -9  =-3.375 

1. e.  negative.'.  The  root  lies  between  x,  and  3.  Thus  the 
second  approximation  to  the  root  is 

x2  =  i  ( x,  +  3)  =  2.75. 

Then  fix2)  =(2.75)3  - 4(2.75) -9  =0.7969  i.e.  positive. 
The  root  lies  between  x,  and  x2  .  Thus  the  third 

approximation  to  the  root  is  x3  =  7  (x,  +  x2)  =2.625. 

Then  f(x3)  =(2.625)3  -4(2.625)  -9  =-1.4121  i.e. 
negative. 

The  root  lies  between  x2  and  x3  .  Thus  the  fourth 

approximation  to  the  root  is  x4  =  —  (x2  +  x3)  =2.6875. 

2 

Hence  the  root  is  2.6875  approximately. 

2.  (B)  Let  fix)  =  x3  -  2x  -5 

So  that  fi 2)  =  - 1  and  fi  3)  =  16 
i.e.  a  root  lies  between  2  and  3. 

Taking  x0  =2,  x,  =  3,  fix0)  =  - 1,  fix,)  =  16,  in  the 
method  of  false  position,  we  get 

x2  =x0 - — fixQ)  =2  +  —  =  2.0588 

fix,)-fix0)'  17 

Now,  fix2)  =  /X2.0588)  =-0.3908  i.e.,  that  root  lies 
between  2.0588  and  3. 

Taking  x0  =2.0588,  x,  =  3,  /'( x(l) 


Since  fi 3.7888)  =-0.0009  and  fi 4)  =0.3979,  therefore 
the  root  lies  between  3.7888  and  4. 

Taking  x0  =3.7888,  x,  =4,  we  obtain 
0  9112 

x3  =  3.7888  -  (-  .009)  =  3.7893 

0.3988 

Hence  the  required  root  correct  to  three  places  of 
decimal  is  3.789. 


4,  (D)  Let  fix)  =  xex  -2,  Then  fi 0)  =-2,  and 


fil)  =e  -2  =0.7183 

So  a  root  of  ii  )  lies  between  0  and  1.  It  is  nearer  to  1. 
Let  us  take  x0  =  1. 

Also  f'ix)  =  xe*  +  ex  and  fi  1)  =  e  +  e  =  5.4366 


By  Newton’s  rule,  the  first  approximation  x,  is 
x,=xn -^1  =  1-^=0.8679 


f'ix  0) 


5.4366 


fix,)  =0.0672,  f\x,)  =  4.4491. 

Thus  the  second  approximation  x2  is 

x2  —  x,  —  =  0.8679  -  °'°672  =  0.8528 

fix,)  4.4491 


Hence  the  required  root  is  0.853  correct  to  3  decimal 
places. 


5.  (B)  Let  y  =  x  +  log10  x  -  3.375 

To  obtain  a  rough  estimate  of  its  root,  we  draw  the 
graph  of  ii  )  with  the  help  of  the  following  table  : 


X 

l 

2 

3 

4 

y 

-2.375 

-1.074 

0.102 

1.227 

=  -0.3908,  fix,)  =16  in  ii),  we  get 
0  9412 

x3  =2.0588  -  (-0.3908)  =2.0813 

16.3908 

Repeating  this  process,  the  successive  approxima-  tions 
are 

x4  =2.0862,  x5  =2.0915,  x6  =2.0934,  x7  =2.0941, 
x8  =2.0943  etc. 

Hence  the  root  is  2.094  correct  to  3  decimal  places. 

3.  (C)  Let  fix) 2x  -log10  x  -  7 

Taking  x0  =  3.5,  x,  =  4,  in  the  method  of  false  position, 
we  get 


Taking  1  unit  along  either  axis  =0.1,  The  curve  crosses 
the  x-axis  at  x0  =2.9,  which  we  take  as  the  initial 
approximation  to  the  root. 

Now  let  us  apply  Newton-Raphson  method  to 
fix)  =  x  +  log10  x  -  3.375 

f'ix)  =1  +  —  log10  e 
x 

fi 2.9)  =2.9  +  log10  2.9  -  3.375  =  -0.0126 
f(2.9)=l  +  -Llog10e  =  11497 


The  first  approximation  x,  to  the  root  is  given  by 
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X-i  —  Xn 


f(x0) 


0.0126 


f'(x0)  1.1497 

Ax,)  =-0.0001,  fix,)  =  1.1492 
Thus  the  second  approximation  x2  is  given  by 
f(xl) 


Xn  —  Xf 


=  2.9109  +  00001  =2.91099 


f'(x1)  1.1492 

Hence  the  desired  root,  correct  to  four  significant 
figures,  is  2.911 

6.  (B)  Let  x  =  V28  so  that  x2  -28  =0 

Taking  f{x)  =  x2  -28,  Newton’s  iterative  method  gives 


x  . ,  =  x  — 


f(xn) 


=  x  —  - 


x„  -28  1 


2x„ 


=  -  x„  +  ■ 


28 


f'(xn) 

Now  since  f{ 5)  =  -  3,  A 6)  =  8,  a  root  lies  between  5  and 
6. 

Taking  x0  =5.5, 


Xi  =  - 1  xn 


X,  =  X- 


28 


28 


—  =-  5.5 +  —  =5.29545 


5.5 


—  |  =  -|  5.29545 


28 


Xo  =  —  I  x,  +  —  I  =  —  I  5.2915 


5.29545 
28 


=  5.2915 


5.2915 


=  5.2915 


Since  x2  =  x3  upto  4  decimal  places,  so  we  take 
V28  =5.2915. 

7.  (B)  Let  A  =0.1,  given  x0  =0,  x1  =  x0  +  A  =0.1 

dy  .  d2y  dy 

—  =  1  +  xy  =>  — 5-  =  x  —  +  y 

dx  dx  dx 


^L  =  X±JL  +  2^1  , 

dx 3  dx 2  dx 


d*y_xd3y  |  3d2y 
dx 4  dx3  dx2 


given  that  x  =  0,  y  =  1 

dy  1  d2y  1  d3y  „  d4y  „  . 

=>  —  =  1 ;  — „  =  1,  — 4  =  2,  — -A -  =  3  and  so  on 

dx  dx  dx  dx 

The  Taylor  series  expression  gives  : 

,  , ,  ,  .  ,dy  h2  d2y  h 3  d3y 

y(x  +  h)  =  y(x)  +  h—  +  —  — v  +  ^  + 

dx  2 !  dx2  3 !  dx3 


(0 1)2 

y  (0.1)  =  1  +  0.1  x  1  +  ■  1  - 

2! 


(0.1)3 

3! 


,  nl  0.01  0.001 

y(0.1)  =  1  +  0.1  + - + - h . . . 

2  3 


=  1  +  0.1  +  0.005  +  0.000033 . 


=  1.1053 


8.  (B)  Let  h  =0.1,  given  x0  =0,  y0=l 

x1  =  x0  +  h  =0.1,  —  =  x-y2 
dx 


at  x  =  0,  y  =  1,  —  =  - 1 
dx 

=  1  -2y  — 
dx2  dx 


dy 

dx 

2  ,2 


at  x  =  0,  y  =  1,  — 5-  =  1  +  2=3 

7 


dy 

dx2 


=  -2  f  —  I  -2y  — 

dx3  [dx  1  -J~2 

at 

dy 

dx 4 


d3y 


x  =0,  y  =  1,  :!  =  -  8 

dx 


=  -2 


3  rfy  <i2y  |  d3y 
dx  dx2  dx3 

d4y 


at  x  =  0,  y  =  1  — V  =  34 
dx4 

The  Taylor  series  expression  gives 

.  , .  ,  .  .  dy  h2  d2y  h3  d3y  h 4  d4y 

y(x  +  A)  =  y(x)  +  A—  + - v  + - 4-  + - 4 

dx  21  dx2  3!  dx  4!  dx4 

(0 1)2  (0 1)3  (0 1)4 

y(0.1)  =  1  +  0.K-D  +  — L  3  +  4i44(_8)  +  4^44  34  H 

2!  3!  4! 

=  1-0.1  +  0.015  -0.001333  +  0.0001417  =0.9138 


9.  (C)  Here  f  (x,  y)  =  x2  +  y2,  x0  =0  y0  =0 
We  have,  by  Picard’s  method 

x 

y  =  y0  +  J  Ax,  y)dx 

*0 

The  first  approximation  to  y  is  given  by 

X 

ya)=y0  +  J  Ax,  y0)  dx 

*0 

X  X 

Where  y0  =0  +  J  Ax,  0)dx  =  |  x2dx. 


The  second  approximation  to  y  is  given  by 

y(2)  =y0  +  jAx,  ya))dx=0  +  J/fx, - 


dx 


=  °+J  * 


x 

63 


(0  4)3  (0  4)7 

Now,  y  (0.4)  =  4A4L  +  WAA  =  0.02135 
3  63 


10.  (C)  Here  f(x,y)=y-x  ;x0=0,  y0=2 
We  have  by  Picard’s  method 
y  =y0  +  r  f(x,y)  dx 

Jx  0 

The  first  approximation  to  y  is  given  by 

x  x 

ya)  =  y0  +  \  fix,  y0)dx  =2  +  J  Ax,  2)  dx 
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=  2+f(2  -  x)dx  =2+2x - 

J  o 

o  z 

The  second  approximation  to  y  is  given  by 
ym  =y0  +  \fix,  ya))dx 

xo 

=  2  +  J  /j  x,  2  +  2x  -  —  jdx 


....(1) 


=  2  +  J(2  +  2jc  —  — —  x)dx 


—  2  +  2  x  - 


2  3 

X  X 


2  6 

The  third  approximation  to  y  is  given  by 

y3>  =y0  +  J  fix,  yi2>)dx 
x0 

X  /  2  3  \ 

=  2  +  J  x,  2  +  2x  +  ^ Idx 


....(2) 


2  +  |  2  +  2x  - 


-  \dx 


x2  X3  x4 

=  2  +2x  +  —  + - 

2  6  24 


11.  (B)  Here  /(x,  y)  =  x  +  y2,  xo=0  y0  =0 
We  have,  by  Picard’s  method 

x 

y=y0  +  \fix,  y0)dx 

xo 

The  first  approximation  to  y  is  given  by 

X  X 

ya>  =  y0  +  j  fix,  y0)dx  =  0  +  jf(x,0)dx 


xr 

=  0  +  f  xdx  =  — 

-1  9 

0  z 

The  second  approximation  to  y  is  given  by 

ym  =y0  +  ]f(x,  ya))dx  =0  +  J/fx,  ^—\dx 
*0  o  V  ^  ) 

x  f  4  \  2  5 

f[  X  j  7  X  X 

=  \  \  x  +  —  lax  =  —  H - 

J„l  4  J  2  50 

The  third  approximation  is  given  by 

y{3)=y0  +  \fix,ym)dx 


rf  x4  x10  2x7  |  .  x~  x "  xr 

—  l  x  h - 1 - 1 - \dx  — - 1 - 1 - 

J  A  <4.00  AC\  9  90  1 00 


+  - 


20  160  4400 


Euler’s  method  gives 

y„+i=yn+hixn,yn)  ....(1) 

re  =  0  in  (1)  gives 
Ti  =  To  +  Mix o  ,  y0) 

Here  x0  =0,  y0=l,  h  =0.1 

y4  =  1  +  0.1  f  (0, 1)  =1  +  0  =1 

re  =0  in  (1)  gives  y2  =  y1  +  h  f  (x1  ,  y4) 

=  1  +  0.1  fi  0.1,1)  =1  +  01(0.1)  =1  +  0.01 
Thus  y2  =y(0  2)  =1.01 
re  =  2  in  (1)  gives 

y3  =  y2  +  Mix 2  ,  y2)  =  1.01  +  0.1  /  (02 , 1.01) 
y3=y(03)=  1.01 +  0.0202  =  1.0302 
re  =  3  in  (1)  gives 

y4  =  y3  +  hfix 3 ,  y3)  =  1.0302  +  0.1/(0.3  ,  1.0302) 

=  1.0302  +  0.03090 
=1(0.4)  =10611 
Hence  y(04)  =1.0611 

13.  (B)  The  Euler’s  modified  method  gives 

ii  =y0  +M(x o  ,y0), 

ii  =  io  +  ^ifix o ,  y0)  +  fix i ,  ii)] 

Now,  here  h  =0.02,  y0  =1>  x0  =0 
y  =1  +  0.02 /’(0, 1),  y[  =1  +  0.02  =1.02 

Next  y1  =  y0  +  | [fix 0  ,y0)  +  fix,  y*)] 

=  1  +  °|2  [/ (0,1)  +  / (0.02,  1.02)] 

=  1  +  0.01  [1  +  1.0204]  =  1.0202 
So,  y1  =  y  (0.02)  =  1.0202 

14.  (D)  y2  =y4  +A  f  (x1  ,y4) 

=  1.0202  +  0.02  [f  (0.02,  1.0202)] 

=  1.0202  +  0.0204  =  1.0406 

Next  y2  =yi  +  |[/(x,  y)  +  fix2  ,  y2*)] 

y2  =  1.0202  +  —  [fi 0.02, 1.0202)  +  fi .0.04, 1.0406)] 

2 

=  1.0202  +  0.01  [1.0206  +  1.0422]  =  1.0408 

y2  =  y  (o.o4)  =  1-0408 

15.  (C)  y*  =yz  +  hf(x2  ,  y2) 

=  1.0416  +  0.02/(0.04, 1.0416) 

=  1.0416  +0.0217  =1.0633 

Next  y3=y2  +^[fix2  ,y2)  +  /(x3,y3*)] 
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k2  =  hfy  x0  +  |  h,  yQ  +  |  k,  j  =  (02)f(01,  0.1)  =  0202 

k3=hf[x0+^h,y0+^k2  J  =(02) f (0.1, 0101)  =02020 
k4  =hf(x0+h,  y0+k 3)  =02  f (02, 02020)  =020816 


k=  —  (kl  +  2k2  +  2k. 
6 


3  T  ^4  ] 


=  -  [02  +  2  (202)  +  2  (20204)  +  020816], 

6 

k =02027 

such  that  yj  =  y(02)  =  ,y0  +  ^  =0+02027  =02027 

21.  (C)  We  now  to  find  y2  =  y(0.4),  =hf(x1,  3/4) 

=  (02)/'(02, 02027)  =02(1.0410)  =2082 

K  =hf(x1  +^h,y1  +  ^K 

=  (02)/'(0.3, 0.3068)  =02188 
k3  =  hf^Xl  +^h,y1  +  ^k2 

=  02  f  (0.3, 0.3121)  =2194 
k4  =hf(x1  +h,y4+  k3)  =02f(0A,  .4221)  =02356 


k  =  —  (ky  +  2k2  +  2k. 
6 


,g  T  ] 


=  -  [02082  +  2(2188)  +  2(2194)  +  0.356]  =  02200 
6 

y2  =y(04)  =y4+k  =02200  +  2027  =0.4227 

22.  (C)  We  now  to  find  y3  =  y(0B)  ,  ky  =hf(x2,  y2) 
=  (02)f(0A,  0.4228)  =  02357 
k2  =hf^x2  +  ^h,y2  +  ^kl 

=  (02)f(0.5, 0.5406)  =  02584 
k:i  =  hf^ x2  +  ^h,  y2  +  ^k2 

=  02  f  (0.5,. 5520)  =02609 

+  2k2  4-  2k^  4-  ] 

6 

=  -[02357  +  2(2584)  +  2(02609)  +  02935] 

6 

=  -[02357  +  0.5168  +  0.5218  +  02935]  =0.2613 
6 

y3  =  y(06)  =  y2  +  ^  =.4228  +  02613  =0.6841 


k2  =hf\  x0  +|,y0  +^- 


=  (02)/X0.1, 1.1)  =02(1.31)  =0262 


k3=hf\  x0  +|,y0 


k„ 


=  02f(01, 1.131)  =02758 
k4  =hf(x0  +  h,  y0  +  k3) 

=  (02)  f  (02, 12758)  =  0.3655 

k  =  —  (ky  +  2k2  +  2k3  +  2k4  ] 

6 

=  -  [02  +  2  (0262)  +  2  (02758)  +  0.3655]  =02735 
6 

Here  y4  =  y(02)  =  y0  +  k  =1  +  02735  =>  12735 

24.  (C)  Here  f  (x,  y)  =  x  +  y  h=02 
To  find  y4=y( „.2)  , 
k4=hf(x0,y0)  =02 f  (0,1)  =02 

k2  =hf<\x0  +  |,y0  +^J  =(02)/‘(0.1, 1.1)  =024 

&3  =  hf  ^  x0  +  | ,  y0  +  ^  j  =  (02)/X0.1, 1.12)  =  0244 
k4=hf(x0  +  h,  y0  +  k3)  =(02)f(02, 1244)  =02888 


k  =  —  (ky  +  2k2  +  2k. 

6 


,3  ,  k4\ 


=  1(02+  2(024)  +  2(0244)  +  02888]  =  02428 
6 

=  1(0.2)  =y0+k  = 1  +  02428  =  12428 


23.  (A)  Here  given  x0  =  0  y0  =  1,  h=02 

f(x,  y)  =  x  +  y2 
To  find  y4  =  y(0  2)  , 

K  =lif(x 0,  y0)  =(02) A0, 1)  =(02)  x  1  =  02 
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3  If  E  Denotes  expectation,  the  variance  of  a  random 
variable  X  is  given  by 

(A)  E[X2]  -  E2[X ]  (B)  E[X2]  +  E2[X ] 

(C)  E[X2]  (D)  E2[X ] 

]  The  following  plot  shows  a  function  y  which  varies 

2 

linearly  with  X.  The  value  of  the  integral  I  =  J  y  dx  is 


V 

3 

2 

/-i 

1  2  3 

(A)  1.0 

(B)  2.5 

(C)  4.0 

(D)  5.0 

3  For  x  «  1,  coth(x) 

can  be  approximated  as 

(A)  x 

(B)  x2 

(C)  - 

(D)  \ 

X 

X 

giimsin<6/2)  is 

e^o  0 

(A)  0.5 

(B)  1 

(C)  2 

(D)  not  defined 

tJ  Which  of  the  following  functions  is  strictly  bounded 

(A)  -4 

(B)  e* 

(C)  X2 

(D)  e“*2 

3  For  the  function  e  x,  the  linear  approximation  around 
x  =  2  is 

(A)(3-x)e~2  (B)l-x 

(C)  [3  +  2V2  -l(l  +  V2x]e-2  (D)  e“2 

j  An  independent  voltage  source  in  series  with  an 
impedance  Zs  =  R  +  jXs  delivers  a  maximum  average 
power  to  a  load  impedance  ZL  when 

(A)  Zj  =  Rs  +  jXs  (B)  Zj  =  Rs 

(C )ZL=jXg  (D)  ZL  =RS  -  jXs 

3  The  RC  circuit  shown  in  the  figure  is 


R  C 


(A)  a  low-pas  filter  (B)  a  high-pass  filter 

(C)  a  band-pass  filter  (D)  a  band-reject  filter 

The  electron  and  hole  concentrations  in  an  intrinsic 
semiconductor  are  nt  per  cm3  at  300  K.  Now,  if  acceptor 
impurities  are  introduced  with  a  concentration  of  NA 
per  cm3(where  NA  »  n,)  the  electron  concentration  per 
cm3  at  300  K  will  be 

(A)  ni  (B)  nt  +  NA 

(C )NA-ni  (D)  pi¬ 
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In  a  p  n  junction  diode  under  reverse  biased  the 
magnitude  of  electric  field  is  maximum  at 

(A)  the  edge  of  the  depletion  region  on  the  p  -side 

(B)  the  edge  of  the  depletion  region  on  the  n  -side 

(C)  the  p+  n  junction 

(D)  the  center  of  the  depletion  region  on  the  n-side 


IP  If  closed-loop  transfer  function  of  a  control  system  is 
given  as  T(s)  =  (s+^+3)  then  It  is 

(A)  an  unstable  system 

(B)  an  uncontrollable  system 

(C)  a  minimum  phase  system 

(D)  a  non-minimum  phase  system 


EH  The  correct  full  wave  rectifier  circuit  is 


IB  If  the  Laplace  transform  of  a  signal  y(t)  is 

Y(s)  =  d  !  i;  then  its  final  value  is 

(A)  -1  (B)  0 

(C)  1  (D)  unbounded 

EH  If  R(x)  is  the  auto  correlation  function  of  a  real, 
wide-sense  stationary  random  process,  then  which  of 
the  following  is  NOT  true 

(A)  R(x)  =  R(-x) 

(B)  \R(x)\  <  R( 0) 

(C)  R(x)  =  -R(-x) 

(D)  The  mean  square  value  of  the  process  is  i?(0) 


^  In  a  trans-conductance  amplifier,  it  is  desirable  to 
have 

(A)  a  large  input  resistance  and  a  large  output 
resistance 

(B)  a  large  input  resistance  and  a  small  output 
resistance 

(C)  a  small  input  resistance  and  a  large  output 
resistance 

(D)  a  small  input  resistance  and  a  small  output 
resistance 


fEl  A  =01110  and  Y  =  11001  are  two  5-bit  binary 
numbers  represented  in  two’s  complement  format.  The 
sum  of  X  and  Y  represented  in  two’s  complement  format 
using  6  bits  is 


m  If  iS(/')is  the  power  spectral  density  of  a  real, 
wide-sense  stationary  random  process,  then  which  of 
the  following  is  ALWAYS  true? 

(A)  S(0)  <  S(f)  (B)  S(f)  >0 

(C)  S(-f)  =  - S(f )  (D)  J  S(f)df  =  0 


A  plane  wave  of  wavelength  X  is  traveling  in  a 
direction  making  an  angle  30°  with  positive  x  -axis.  The 
E  field  of  the  plane  wave  can  be  represented  as  (.E0is 
constant) 

.(  -JUn  n  .f  7i  -JUn  ^ 

_>  /  co t- x-z  _>  /  <at — x z 

(A)  E  =  yE0e  x  (B)  E  =  yE0e  1  x  J 


(C)  E=yE0e 


VStc  ji 


(D)  E  =  yE0e 


l  l  J 


(A)  100111  (B)  0010000 

(C)  000111  (D)  101001 


EH  The  Boolean  function  Y  =  AB  +  CD  is  to  be  realized 
using  only  2-input  NAND  gates.  The  minimum  number 
of  gates  required  is 


(A)  2 
(C)  4 


ETil  If  C  is  close  curve  enclosing  a  surface  S,  then  the 

— >  — > 

magnetic  field  intensity  H,  the  current  density  j  and 
the  electric  flux  density  D  are  related  by 


(A)  JJff.ds  = 

s 

(B)  \H.dl  = 


f 

T  8D 

J+^T 

V 


.dl 


f  -»■ 

1  SD  , 

7H - a 

dt 


.d  s 
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For  the  circuit  shown  in  the  figure,  the  Thevenin 
voltage  and  resistance  looking  into  X  —  Y  are 


o  x 


OY 


(A)  -V,2Q 

3 

4  2 

<0)3V'3n 


(B)  4V,-fi 
3 


(D)  4V,2G 


Bill  In  the  circuit  shown,  Vc  is  0  volts  at  t  =  0  sec.  for 
t  >0,  the  capacitor  current  ic(t),  where  t  is  in  seconds,  is 
given  by 

20  kT2  in 


— m — 

i°v(; 

^  20kfi< 

>  4  fiF  — 

(A)  0.50exp(-25£)  mA 

(B)  025exp(-25f)  mA 

(C)  0.50exp(-25f)  mA 

(D)  025exp(-25f)  mA 

Efl  In  the  AC  network  shown  in  the  figure,  the  phasor 
voltage  VAn  (in  volts)  is 

A 


5Z30°A 


(A)  0 

(C)  12.5Z30” 


© 


>5n 


-13  = 


5  n 


\j  3 


(B)  5Z30" 
(D)  17Z30” 


A  p  n  junction  has  a  built-in  potential  of  0.8  V.  The 
depletion  layer  width  at  reverse  bias  of  1.2V  is  2  p m. 
For  a  reverse  bias  of  7.2  V,  the  depletion  layer  width 
will  be 

(A)  4  pm  (B)  4.9  pm 

(C)  8  pm  (D)  12  pm 


mH  Group  I  lists  four  types  of  p-n  junction  diodes, 
match  each  device  in  Group  I  with  one  of  the  option  in 
Group  II  to  indicate  the  bias  condition  of  the  device  in 
its  normal  mode  of  operation. 


Group-II 

(1)  Forward  bias 

(2)  Reverse  bias 


Group-I 

(P)  Zener  Diode 

(Q)  Solar  cell 

(R)  LASER  diode 

(S)  Avalanche  Photodiode 

(A)  P-1Q-2R-1S-2 

(B)  P-2Q-1R-1S-2 

(C)  P-2Q-2R-1S-2 

(D)  P-2Q-1R-2S-2 

5F1  The  DC  current  gain  ((3)  of  a  BJT  is  50.  Assuming 
that  the  emitter  injection  efficiency  is  0.995,  the  base 
transport  factor  is 

(A)  0.980  (B)  0.985 

(C)  0.990  (D)  0.995 

group  I  lists  four  different  semiconductor  devices, 
match  each  device  in  Group  I  with  its  characteristic 
property  in  Group  II. 

Group-I 

(P) BJT 

(Q) MOS  capacitor 

(R)  LASER  diode 

(S)  JFET 


Group-II 

(1)  Population  inversion 

(2) Pinch-off  voltage 

(3)  Early  effect 

(4)  Fat-band  voltage 


(A)  P-3Q-1R-4S-2 

(B)  P  -  1  Q  -  4  R  -  3  S  -  2 

(C)  P  -  3  Q  -  4  R  -  1  S  -  2 

(D)  P-3Q-2R-1S-4 

ETS1  For  the  Op-Amp  circuit  shown  in  the  figure,  Va  is 

2kfi 
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Bfrfl  For  the  BJT  circuit  shown,  assume  that  the  p  of  the 

transistor  is  very  large  and  VBE  =0.7V.  The  mode  of 

operation  of  the  BJT  is 
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(A)  cut-off  (B)  saturation 

(C)  normal  active  (D)  reverse  active 


In  the  Op-Amp  circuit  shown,  assume  that  the  diode 
current  follows  the  equation  I  =IS  exp(V’/Vr).  For 
V,:  =2V,V0  =  V01,  and  for  =  4  V,  V0  =  V02.  The 

relationship  between  V01  and  V02  is 


D 


(A)  V02  =  *J2V01  (B)  V02  =e2V01 

(C)  V02  =  V01  In  2  (D)  V01  -  V02  =  Vr  In  2 


In  the  CMOS  inverter  circuit  shown,  if  the 
transconductance  parameters  of  the  NMOS  and  PMOS 
transistors  are  kn  =  kp  =  p „  Cox  ^  =  ppCra  ^  =  40  pA / y 1 2 

and  their  threshold  voltages  are  VTHn  -  VTHp  =  1V,  the 
current  I  is 


5  V 


H 


£ 


2.5  V  — 


PMOS 

I' 

NMOS 


(A)  0  A  (B)  25  p A 

(C)  45  pA  (D)  90  pA 


(A)  7.00  to  7.29  V  (B)  7.14  to  7.29  V 

(C)  7.14  to  7.43  V  (D)  7.29  to  7.43  V 

m  The  Boolean  expression 

Y  =ABCD  +  ABCD+ABCD  +  ABCD  can  be 
minimized  to 

(A )  Y  =AB  CD  +  ABC  +  ACD 

(B )  Y  =AB  CD  +  B  CD  +  ABC D 

(C)  Y  =  AB  CD+BCD  +  AB  CD 

(D)  Y  =AB  CD  +BC D  +  A  BCD 

'Ajj  The  circuit  diagram  of  a  standard  TTL  NOT  gate  is 
shown  in  the  figure.  Vt  =2.5y,  the  modes  of  operation  of 
the  transistors  will  be 


(A)  Qx:  revere  active;Q2:  normal  active;  Q,:  saturation; 
Q,  xut-off 

(B)  Q^.  revere  active;Q2:  saturation;  Q  t:  saturation; 

Q4  xut-off 

(C)  Qj:  normal  active;Q2:  cut-off;  Q  ;.  cut-off; 

Qa  :saturation 

(D)  Q4:  saturation ;Q2:  saturation;  Qa:  saturation; 

Q, : norm al  active 


^3  For  the  Zener  diode  shown  in  the  figure,  the  Zener 
voltage  at  knee  is  7V,  the  knee  current  is  negligible  and 
the  Zener  dynamic  resistance  is  10Q.  if  the  input 
voltage  (Vj)  range  is  from  10  to  16V,  the  output  voltage 
(y0)  ranges  from 

200  Q 


AA/V 


V 


o 


-O 


HI  In  the  following  circuit,  X  is  given  by 


I  4-to-l 

0 - 

/0  4-to-l 

,  MUX 

t  MUX 

h  y 

1 - 

h  y 

h 

0 - 

h 

Si  So 

Si  s0 

A  B  C 


(A)  X=AB  C  +  ABC+  ABC  +  ABC 

(B)  X  =ABC  +  AB  C  +  ABC  +  ABC 
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(C)  X  =AB  +BC  +  AC 

(D)  X=AB  +BC+AC 

US  The  following  binary  values  were  applied  to  the  X 
and  Y  inputs  of  NAND  latch  shown  in  the  figure  in  the 
sequence  indicated  below 
X  =0,Y  =  1;  X  =0,Y  =0;  X  =  1,  Y  =1. 


m  (A)  The  3-dB  bandwidth  of  the  low-pas  signal  e  Lu(t), 
where  u(t)  is  the  unit  step  function,  is  given  by 


(A)  —  Hz 
2tt 

(C)  00 


(B)  —  Vv/2 -1  Hz 

271 

(D)  1  Hz 


A  Hilbert  transformer  is  a 
(A)  non-linear  system  (B)  non-causal  system 

(C)  time-varying  system  (D)  low-pass  system 

m  The  frequency  response  of  a  linear,  time-invariant 
system  is  given  by  H(f)  =  ^  The  step  response  of 

the  system  is 

t  A 


The  corresponding  stable  P,  Q  outputs  will  be 

(A)  5(1- 

e  5t)u(i) 

(B)  5 

1  -e  5 

<0 

(A)  P  =  1,Q  =0;  P=1,Q=0;  P  =1,Q  =0orP  =0,Q  =1 

(B) P=1,Q=0;  P  =0,Q  =l;orP  =  0Q  =  1;  P=0,Q=1 

(C)  P  =  1,Q  =0;  P  =  1, Q  =  1;  P  =  1,Q  =0 orP  =0,Q  =  1 

(C)  iO 

-e“5i)w(/) 

(C)  I 
5 

( 

1  -e  1 

V  y 

u(t) 

(D)P  =1,Q  =0;  P  =  1,  Q  =  1;  P=1,Q=1 

liTil  A 

5-point 

sequence  x[n]  is 

given 

For  the  circuit  shown,  the  counter  state  (QXQ 0) 
follows  the  sequence 


- 

-  A,  <?0 - 

(A)  00,  01,  10,  11,  00 
(C)  00,  01,  11,  00,  01 


(B)  00,  01,  10,  00,  01 
(D)  00,  10,  11,  00,  10 


23  An  8255  chip  is  interfaced  to  an  8085 
microprocessor  system  as  an  I/O  mapped  I/O  as  show  in 
the  figure.  The  address  lines  A0  and  A,  of  the  8085  are 
used  by  the  8255  chip  to  decode  internally  its  thee  ports 
and  the  Control  register.  The  address  lines  A3  to  A7  as 
well  as  the  IO I M  signal  are  used  for  address  decoding. 
The  range  of  addresses  for  which  the  8255  chip  would 
get  selected  is 


as 

x[-3]  =  1,  x[-2]  =  1,  x[-l]  =0,  x[0]  =  5,  x[l]  =  1.  Let  X(ej,a) 
denote  the  discrete-time  Fourier  transform  of  x[n].  The 

n 

value  of  |  X(ej“‘)cU »  is 

(A)  5  -*  (B)  IOji 

(C)  167t  (D)  5  +  jlOn 

iTl  The  z-transform  x[z]  of  a  sequence  x\n\  is  given  by 
X(z)  =  0  5 , .  It  is  given  that  the  region  of  convergence  of 
x[n\  includes  the  unit  circle.  The  value  of  x[0]  is 
(A)  -0.5  (B)  0 

(C)  0.25  (D)  0.5 

^  A  Control  system  with  PD  controller  is  shown  in 
the  figure  If  the  velocity  error  constant  Kv  =  1000  and 
the  damping  ration  C  =  0.5,  then  the  value  of  Kp  and  KD 
are 


A 

It 


- \ 

8255 

- /  A- 

A- 

A 

(A)  Kp  =100 ,Kd  =0.09 
(C)  KP  =10 ,Kd  =0.09 


(B)  Kp  =100,  Kd  =0.9 
(D)  KP  =  10,  Kd  =0.9 


The  transfer  function  of  a  plant  is 

T(s)=  5 


(A)  F8H  -  FBH 
(C)  F8H  -  FFH 


(B)  F8H  -  FCH 
(D)  F0H  -  F7H 


(s  +  5)(sz  +  s  +  l) 
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The  second-order  approximation  of  T(s)  using 
dominant  pole  concept  is 

1  5 


(A) 

(C) 


(s  +  5  )(s  +  1) 
5 

s2  +  s  +  1 


(B) 

(D) 


(s  +  5  )(s  +  1) 

1 

s2  +  s  +  1 


The  open-loop  transfer  function  of  a  plant  is  given 
as  Gis)  =  If  the  plant  is  operated  in  a  unity  feedback 

configuration,  then  the  lead  compensator  that  an 
stabilize  this  control  system  is 

10(s  +  4) 
s  +  2 
2(s  +  2) 


(A)  10(S  -  P 

(B) 

s  +  2 

(C  10(s  +  2> 

(D) 

s  +  10 


s  +  10 


23  A  unity  feedback  control  system  has  an  open-loop 
transfer  function 

K 


G(s)  = 


sis2  +  7s +  12) 


The  gain  K  for  which  s  =  1  +  j  1  will  lie  on  the  root 
locus  of  this  system  is 
(A)  4  (B)  5.5 

(C)  6.5  (D)  10 

|  The  asymptotic  Bode  plot  of  a  transfer  function  is  as 
shown  in  the  figure.  The  transfer  function  Gis) 
corresponding  to  this  Bode  plot  is 

G(/w)dB 


(A) 

1 

(B) 

(s  +  l)(s  +  20) 

(C) 

100 

(D) 

sis  +  l)(s  +  20) 

sis  +  l)(s  +  20) 

100 

sis  +  1)(1  +  0.05s) 


sot  The  state  space  representation  of  a  separately 
excited  DC  servo  motor  dynamics  is  given  as 


-1  1 
-1  -10 


0 

10 


(A) 


10 


(C) 


s2  +  11s +  11 
10s  + 10 
s2  +  lls  +  ll 


(B) 


(D) 


s-  +  11s +  11 

1 

s2  +  s  +  11 


23  In  delta  modulation,  the  slope  overload  distortion 
can  be  reduced  by 

(A)  decreasing  the  step  size 

(B)  decreasing  the  granular  noise 

(C)  decreasing  the  sampling  rate 

(D)  increasing  the  step  size 

^3  The  raised  cosine  pulse  pit)  is  used  for  zero  ISI  in 
digital  communications.  The  expression  for  pit)  with 
unity  roll-off  facto  is  given  by 

sin  4nWt 


pit)  = 


4nWt(l  -  16W2t2) 

1  . 


The  value  of  pit)  at  t  = - is 

4  W 


(A)  -0.5 
(C)  0.5 


(B)  0 

(D)  CO 


j  In  the  following  scheme,  if  the  spectrum  M <  f)  of 
mit)  is  as  shown,  then  the  spectrum  Yif)  of  yit)  will  be 


cos(2tiB0 


M(f) 


-B  0  +B 


(A) 


Y(f) 


(B) 


Y(f) 


-2  B  -B 


(D) 


0 

Y(f) 


+B  +2  B 


+B 


-f 


f 


-2  B  -B  0  +B  +2 B 
During  transmission  over  a  certain  binary 
communication  channel,  bit  errors  occurs  independently 
with  probability  p.  The  probability  of  AT  MOST  one  bit 
in  error  in  a  block  of  n  bits  is  given  by 
(A)  pn  (B)  1  -  p " 

(C)  npd-p)"-1 +(!-/>)*  (D)  1  -(1  -  p)n 
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In  a  GSM  system,  8  channels  can  co-exist  in  200 
KHz  bandwidth  using  TDMA.  A  GSM  based  cellular 
operator  is  allocated  5  MHz  bandwidth.  Assuming  a 
frequency  reuse  factor  oft  i.e.  a  five-cell  repeat  pattern, 
the  maximum  number  of  simultaneous  channels  that 
can  exist  in  one  cell  is 
(A)  200  (B)  40 

(C)  25  (D)  5 


filrfl  A  load  of  500  is  connected  in  shunt  in  a  2-wire 
transmission  line  of  Z0  =500  as  shown  in  the  figure. 
The  2-port  scattering  parameter  matrix  (s-matrix)  of 
the  shunt  element  is 

TO  1" 


(A) 


(C) 


_y  l 
2  2 

y  _  i_ 
2  2. 

_  1  2~ 

3  3 

2  _  1 
3  3_ 


(B) 


(D) 


1  0 


!i?il  In  a  Direct  Sequence  CDMA  system  the  chip  rate  is 
1.2288  x  106  chips  per  second.  If  the  processing  gain  is 
desired  to  be  at  Least  100,  the  data  rate 

(A)  must  be  less  than  or  equal  to  12.288  x  103  bits/sec 

(B)  must  be  greater  than  12288  x  10 3  bits  per  sec 

(C)  must  be  exactly  equal  to  12288  x  103  bits  per  sec 

(D)  can  take  any  value  less  than  122.88  xlO3  bits/sec 

[if  B  An  air-filled  rectangular  waveguide  has  inner 
dimensions  of  3  cm  x  2  cm.  The  wave  impedance  of  the 
TE20  mode  of  propagation  in  the  waveguide  at  a 
frequency  of  30  GHz  is  (free  space  impedance 
q0  =  377  O) 

(A)  3080  (B)  3550 

(C)  4000  (D)  4610 

The  H  field  (in  A/m)  of  a  plane  wave  propagating  in 
free  space  is  given  by 

cot  -  Bz  +  — 

2 


H  =  x^^-cos(cot  -|3z)  +  y  —  sin| 
ho  ho 


The  parallel  branches  of  a  2-wire  transmission  line 
are  terminated  in  100  O  and  200  O  resistors  as  shown 
in  the  figure.  The  characteristic  impedance  of  the  line  is 
Z0  =  500  and  each  section  has  a  length  of  f.  The  voltage 
reflection  coefficient  T  at  the  input  is 


(C)  CD)  | 


The  time  average  power  flow  density  in  Watts  is 


(A) 

(B)  — 

100 

ho 

(C)  50t]q 

(D)  — 

ho 

fiTtl  The  E  field  in  a  rectangular  waveguide  of  inner 
dimensions  ax  6  is  given  by 

Where  H0  is  a  constant,  and  a  and  b  are  the 
dimensions  along  the  x  -axis  and  the  y  -axis 
respectively.  The  mode  of  propagation  in  the  waveguide 
is 

(A)  TE20  (B)  TMn 

(C)  TM20  (D)  TE10 


A  |  dipole  is  kept  horizontally  at  a  height  of  ^  above 
a  perfectly  conducting  infinite  ground  plane.  The 
radiation  pattern  in  the  lane  of  the  dipole  (E  plane) 
looks  approximately  as 


(B) 
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F7il  A  right  circularly  polarized  (RCP)  plane  wave  is 
incident  at  an  angle  of  60°  to  the  normal,  on  an 
air-dielectric  interface.  If  the  reflected  wave  is  linearly 
polarized,  the  relative  dielectric  constant  cr2  is 


(A)  V2 
(C)  2 


Common  Data  for  Questions  71,  72,  73: 


The  figure  shows  the  high-frequency 
capacitance-voltage(C-V)  characteristics  of  a  Metal/ 
Si02/silicon  (MOS)  capacitor  having  an  area  of 
lx  10  4cm2.  Assume  that  the  perimitivities  (e0er)  of 
silicon  and  »S,02  are  lx  10  lz  F/cm  and  3.5  x  10"13  F/cm 
respectively. 


The  gate  oxide  thickness  in  the  MOS  capacitor  is 

(A)  50  nm 

(B)  143  nm 

(C)  350  nm 

(D)  1  pm 

The  maximum 

depletion  layer  width  in  silicon  is 

(A)  0.143  pm 

(B)  0.857  pm 

(C)  1  pm 

(D)  1.143  pm 

Common  Data  for  Questions  74,  75  : 


Two  4-ray  signal  constellations  are  shown.  It  is 
given  that  c|>,  and  <|)2  constitute  an  orthonormal  basis  for 
the  two  constellations.  Assume  that  the  four  symbols  in 
both  the  constellations  are  equiprobable.  Let  /  2 
denote  the  power  spectral  density  of  white  Gaussian 
noise. 


2v'2a\  -/2a  / 

V' 


L-\/2 a 


-42a 


vVa 

Y 


Constellation  1 


Constellation  2 


m  The  ratio  of  the  average  energy  of  constellation  1  to 
the  average  energy  of  constellation  2  is 

(A)  4a2  (B)  4 

(C)  2  (D)  8 

Hi 1  If  these  constellations  are  used  for  digital 
communications  over  an  AWGN  channel,  then  which  of 
the  following  statements  is  true  ? 

(A)  Probability  of  symbol  error  for  Constellation  1  is 
lower 

(B)  Probability  of  symbol  error  for  Constellation  1  is 
higher 

(C)  Probability  of  symbol  error  is  equal  for  both  the 
constellations 

(D)  The  value  of  N0  will  determine  which  of  the  two 
constellations  has  a  lower  probability  of  symbol  error, 


Linked  Answer  Questions:  Q.  76  to  Q.  85  Carry 
Two  marks  Each. 


Hil  Consider  the  following  statements  about  the  C-V 
characteristics  plot: 

SI:  The  MOS  capacitor  has  an  n-type  substrate. 

S2:  If  positive  charges  are  introduced  in  the  oxide,  the 
C-V  plot  will  shift  to  the  left. 

Then  which  of  the  following  is  true? 

(A)  Both  SI  and  S2  are  true 

(B)  SI  is  true  and  Se  is  false 

(C)  SI  is  false  and  S2  is  true 

(D)  Both  SI  and  S2  are  false 


Statement  for  Linked  Answer  Questions  76  &  77: 

Consider  the  Op-Amp  circuit  shown  in  the  figure. 


R, 
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F7il  The  transfer  function  V0(s)/Vi(s)  is 


(A) 


1  -sRC 
1  +  sRC 


1  +  sRC 
1-sRC 


(C) 


1 

1  -sRC 


(D) 


1 

1  +  sRC 


F??  If  V}  -  V1  sin(  at)  and  Vg  =  V2  sin(  at  -  ([>),  then  the 
minimum  and  maximum  values  of  (|)  (in  radians)  are 
respectively 

(A)  -f  and  f  (B)  0  and  f 

(C)  — 7r  and  0  (D)  and  0 


Kill  The  eigenvalue  and  eigenvector  pairs  (\Vt)  for  the 
system  are 


(A) 

(B) 

(C) 


-1, 


-1, 


-1 

and 

f2' 

"  1 

-2 

j  and 

( 

-2, 

"  1 

-2 

-1 


1 

j 

and 

-2, 

■  rn 

-1 

J 

--2i 

(D)  -2, 


L-ljy 


and  1 


L2jy 


Statement  for  Linked  Answer  Questions  78  &  79. 

An  8085  assembly  language  program  is  given 
below. 

Line  1:  MVI  A,  B5H 
2:  MVI  B,  OEH 
3:  XRI  69H 
4:  ADD  B 
5:  ANI  9BH 
6:  CPI  9FH 
7:  STA  3010H 
8:  HLT 

F7!l  The  contents  of  the  accumulator  just  after  execution 
of  the  ADD  instruction  in  line  4  will  be 
(A)  C3H  (B)  EAH 

(C)  DCH  (D)  69H 

S3  After  execution  of  line  7  of  the  program,  the  status 
of  the  CY  and  Z  flags  will  be 
(A)  CY  =  0,  Z  =  0  (B)  CY  =  0,  Z  =  1 

(C)  CY  =  A,  Z  =  0  (D)  CY  =  1,  Z  =  1 


Statement  for  Linked  Answer  Questions  80  &  81. 

Consider  a  linear  system  whose  state  space 
representation  is  x{t)  =  Ax(t).  If  the  initial  state  vector  of 


the  system  is  x(0)  = 
x(t)  = 


1 

-2 


_-2e“2' 
changes  to  x(0)  = 


,  then  the  system  response  is 
.  If  the  itial  state  vector  of  the  system 
,  then  the  system  response 


1 

-2 


becomes  xit)  = 


e 

-e 


j^J  The  system  matrix  A  is 


(A) 


0  1 

-1  1 


1 

-3 


Statement  fo  Linked  Answer  Questions  82  &  83: 

An  input  to  a  6-level  quantizer  has  the  probability 
density  function  f(x)  as  shown  in  the  figure.  Decision 
boundaries  of  the  quantizer  are  chosen  so  as  t  maximize 
the  entropy  of  the  quantizer  output.  It  is  given  that  3 
consecutive  decision  boundaries  are  and  T. 


The  values  of  a  and  b  are 


(A)  a  =  —  and  b  =  — 
6  12 


(B)  a  =  —  and  b  =  — 
5  40 


(C)  a  =  —  and  b  =  — 
4  16 


(D)  a  =  —  and  b  =  — 
3  24 


Assuming  that  the  reconstruction  levels  of  the 
quantizer  are  the  mid-points  of  the  decision  boundaries, 
the  ratio  of  signal  power  to  quantization  noise  power  is 


<A>? 

< 

(Cl? 

(D)  28 

3 
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Statement  for  Linked  Answer  Questions  84  &  85. 

In  the  digital-to  Analog  converter  circuit  shown  in 
the  figure  below,  VR  =  10  V  and  R  =  10  kQ. 


^3  The  current  is 

(A)  31.25mA  (B)  62.5mA 

(C)  125gA  (D)  250mA 


The  voltage  V0  is 

(A)  -0.781  V  (B)  -1.562  V 

(C)  -3.125  V  (D)  -6.250  V 
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Q.l — 30  carry  one  mark  each 


3  The  Laplace  transform  of  i{t)  is  given  by 


I(s)  = 


2 

s(l  +  s) 


3  The  minimum  number  of  equations  required  to 
analyze  the  circuit  shown  in  Fig.  Q.  1  is 


C  C 


(A)  3  (B)  4 

(C)  6  (D)  7 

3-  A  source  of  angular  frequency  1  rad/sec  has  a  source 
impedance  consisting  of  IQ  resistance  in  series  with  1 
H  inductance.  The  load  that  will  obtain  the  maximum 
power  transfer  is 

(A)  1  Q  resistance 

(B)  1  Q  resistance  in  parallel  with  1  H  inductance 

(C)  1  Q  resistance  in  series  with  1  F  capacitor 

(D)  1  Q  resistance  in  parallel  with  1  F  capacitor 

jj  A  series  RLC  circuit  has  a  resonance  frequency  of 
1  kHz  and  a  quality  factor  Q  =  100.  If  each  of  R,  L  and  C 
is  doubled  from  its  original  value,  the  new  Q  of  the 
circuit  is 

(A)  25  (B)  50 

(C)  100  (D)  200 


As  t  ->  co,  The  value  of  i(t)  tends  to 
(A)  0  (B)  1 

(C)  2  (D)  oo 

3  The  differential  equation  for  the  current  i(t)  in  the 
circuit  of  Fig.  Q.5  is 

qft)  2  n  2  H 

v\A/ - rrrr' - 


Fig.  Q5 

(A)  2  ^-4  +  2  —  +  i(t)  =  sin  t 

dt2  dt 

(B)  2  ^4  +  2  —  +  2i(t)  =cos  t 

dt 2  dt 

(C)  2  *±  +  2  —  +  i(t)=  cos  t 

dt 2  dt 

j2  1  7  • 

(D)  2  —4  +  2  —  +  2i(t)  =  sin  t 

dt 2  dt 

3  rc-type  silicon  is  obtained  by  doping  silicon  with 
(A)  Germanium  (B)  Aluminium 

(C)  Boron  (D)  Phosphorus 

3  The  bandgap  of  silicon  at  300  K  is 
(A)  1.36  eV  (B)  1.10  eV 

(C)  0.80  eV  (D)  0.67  eV 

Page 
591 


www.gatehelp.com 


EC-03 


GATE  EC  BY  RK  Kanodia 


Chap  10.1 


STB  A  0  to  6  counter  consists  of  3  flip  flops  and  a 
combination  circuit  of  2  input  gate(s).  The  combination 
circuit  consists  of 

(A)  one  AND  gate 

(B)  one  OR  gate 

(C)  one  AND  gate  and  one  OR  gate 

(D)  two  AND  gates 


^3  A  PD  controller  is  used  to  compensate  a  system. 
Compared  to  the  uncompensated  system,  the 
compensated  system  has 

(A)  a  higher  type  number 

(B)  reduced  damping 

(C)  higher  noise  amplification 

(D)  larger  transient  overshoot 


The  Fourier  series  expansion  of  a  real  periodic 
signal  with  fundamental  frequency  f0  is  given  by 
gp(t)  =  ^  cnej2"f,,t.  It  is  given  that  c3  =  3  +  ,/5.  Then  c_3  is 

n  =-oo 

(A)  5  +  j'3  (B)  -3  -  j'5 

(C)  -5  +  j3  (D)  3  -  j'5 

^3  Let  x(t)  be  the  input  to  a  linear,  time-invariant 
system.  The  required  output  is  Ax(t -2).  The  transfer 
function  of  the  system  should  be 

(A)  4e''4"^  (B)  2e~jSnf 

(C)  (D)  2ej8nf 


The  input  to  a  coherent  detector  is  DSB-SC  signal 
plus  noise.  The  noise  at  the  detector  output  is 

(A)  the  in-phase  component 

(B)  the  quadrature  component 

(C)  zero 

(D)  the  envelope 

The  noise  at  the  input  to  an  ideal  frequency  detector 
is  white.  The  detector  is  operating  above  threshold.  The 
power  spectral  density  of  the  noise  at  the  output  is 
(A)  raised-cosine  (B)  flat 


A  sequence  x(ri)  with  the  ’-transform 
X(z)  =  z4  +  z2  -2z  +  2  -  3z  4  is  applied  as  an  input  to  a 
linear,  time-invariant  system  with  the  impulse  response 
h(n)  =25(n  -  3)  where 

5fn)  =  j1,  n=° 

[0,  otherwise 

The  output  at  n  =  4  is 
(A)  -6  (B)  zero 

(C)  2  (D)  -4 

Fig.  Q.24  shows  the  Nyquist  plot  of  the  open-loop 
transfer  function  G(s)H(s )  of  a  system.  If  G(s)H(s )  has 
one  right-hand  pole,  the  closed-loop  system  is 

Im 


(A)  always  stable 

(B)  unstable  with  one  closed-loop  right  hand  pole 

(C)  unstable  with  two  closed-loop  right  hand  poles 

(D)  unstable  with  three  closed-loop  right  hand  poles 


(C)  parabolic  (D)  Gaussian 

At  a  given  probability  of  error,  binary  coherent  FSK 
is  inferior  to  binary  coherent  PSK  by 
(A)  6  dB  (B)  3  dB 

(C)  2  dB  (D)  0  dB 

The  unit  of  V  x  H  is 

(A)  Ampere  (B)  Ampere/meter 

(C)  Ampere/meter2  (D)  Ampere-meter 

5Til  The  depth  of  penetration  of  electromagnetic  wave  in 
a  medium  having  conductivity  a  at  a  frequency  of  1 
MHz  is  25  cm.  The  depth  of  penetration  at  a  frequency 
of  4  MHz  will  be 

(A)  6.25  cm  (B)  12.50  cm 

(C)  50.00  cm  (D)  100.00  cm 

Q.31 — 90  carry  two  marks  each. 

■iTW  Twelve  1  Q  resistance  are  used  as  edges  to  form  a 
cube.  The  resistance  between  two  diagonally  opposite 
corners  of  the  cube  is 

(A)  -  Q  (B)  1  Q 

6 

(C)  |  (D)  |  n 

o  z 
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^3  The  current  flowing  through  the  resistance  R  in  the 
circuit  in  Fig.  Q.32  has  the  form  P  cos  4 1,  where  P  is 

1  F 
10.24 


(A)  (0.18  +  j  0.72)  (B)  (0.46  +  j  1.90) 

(C)  -(0.18  +  j  1.90)  (D)  -(0.192  +  j  0.144) 


The  circuit  for  Q.33-34  are  given  in  Fig.  Q.33-34. 
For  both  the  questions,  assume  that  the  switch  S 
is  in  position  1  for  a  long  time  and  thrown  to 
position  2  at  t  =  0. 


(A) 

(C) 


-y 

2  R 

-V 

4  R 


(B) 


-V 

R 


(D)  zero 


Bfl  Ix{s)  and  72(s)  are  the  Laplace  transforms  of  t,  (L  and 
i2(t)  respectively.  The  equations  for  the  loop  currents 
7,(8)  and  72(s)  for  the  circuit  shown  in  Fig.  Q.33-34, 
after  the  switch  is  brought  from  position  1  to  position  2 
at  t  =0,  are 


"  T  1 

~v~ 

R  +  Ls  h -  — Ls 

T  „ 

Cs 

*1S 

— 

s 

-Ls  R  +  — 

hs 

0 

L  CsJ 

(B) 


(C) 


„  T  1 

v~ 

R  +  Ls  +  —  -Ls 

T  ~ 

Cs 

Ls 

s 

-Ls  R  + — 

hs_ 

0 

L  CsJ 

- 

■  T  1 

y" 

R  +  Ls  +  —  — Ls 

T  c* 

Cs 

Ils 

— 

s 

— Ls  R  +  Ls  h - 

hs_ 

0 

L  CsJ 

R  +  Ls  +  — 

-Ls 

J  „ 

"y" 

Cs 

h  s 

— 

s 

-Ls 

R  +  Ls  +  — 

/2s_ 

0 

CsJ 

^3  An  input  voltage 

v(t)  =  10^2  cos (t  +  10)  +  10V3 cos  (2  +  10°)  V 


is  applied  to  a  series  combination  of  resistance 
R  =  IQ  and  an  inductance  L  =  1  H.  The  resulting  steady 
state  current  i(t)  in  ampere  is 


(A)  10  cos  ( t  +  55°)  +  10  cos  (2 1  +  10°  +  tan  1  2) 


(B)  1  -cos  it  +  55°)  +  10 cos  (2 1  +  55°) 


(C)  10 cos  (t  -55°)  +  10 cos  (2 1  +  10° -tan  1  2) 


(D)  1  -cos  (t  -55°)  +  10 ^  cos  (2t  -  35°) 


^3  The  driving-point  impedance  Z(s)  of  a  network  has 
the  pole-zero  locations  as  shown  in  Fig.  Q.36.  If  Z( 0)  =  3, 
then  Z(s)  is 


Im 


x — 


-i ! 


1  s  -  plane 


-  Re 


Fig.  Q36 


(A) 

3(s  +  3) 

(B) 

s2  +  2s  +  3 

(C) 

3(s  -  3) 

(D) 

s2  -2s  -2 

2(s  +  3) 


s  +  2s  +  2 

2(s  -  3) 
s2  -2s -3 


^71  The  impedance  parameters  Zn  and  Z12  of  the 
two-port  network  in  Fig.  Q.37  are 


2  n 


2  a 


3n 


(A)  Zu  =2.75Q  and  Z12=025Q 

(B)  Zu  =  3Q  and  Z12  =0.5  Q 

(C)  Zn  =  3Q  and  Z12  =025  D. 

(D) Zn=225Q  and  Z12=0.5Q 
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An  re-type  silicon  bar  0.1  cm  long  and  100  pm2  in 
cross-sectional  area  has  a  majority  carrier 
concentration  of  5  x  1020  /  m3  and  the  carrier  mobility  is 
0.13  m2/V-s  at  300  K.  If  the  charge  of  an  electron  is  1.5  x 
1019  coulomb,  then  the  resistance  of  the  bar  is 
(A)  106  Ohm  (B)  104  Ohm 

(C)  HT1  Ohm  (D)  10~4  Ohm 

The  electron  concentration  in  a  sample  of  uniformly 
doped  re-type  silicon  at  300  K  varies  linearly  from 
1017  /cm3  at  x  =  0  to  6  x  1016  /cm3  at  x  =  2  pm.  Assume  a 
situation  that  electrons  are  supplied  to  keep  this 
concentration  gradient  constant  with  time.  If  electronic 
charge  is  1.6  x  10“19  coulomb  and  the  diffusion  constant 
Dn  =  35  cm2/s,  the  current  density  in  the  silicon,  if  no 
electric  field  is  present,  is 
(A)  zero  (B)  -112  A/cm2 

(C)  +1120  A/cm2  (D)  -1120  A/cm2 

^3  Match  items  in  Group  1  with  items  in  Group  2,  most 


suitably. 

Group  1 

Group  2 

P.  LED 

1.  Heavy  doping 

Q.  Avalanche  photo  diode 

2.  Coherent  radiation 

R.Tunnel  diode 

3.  Spontaneous  emission 

S.  LASER 

4.  Current  gain 

(A)  (B) 

(C) 

(D) 

P-1  P-2 

P-3 

P-2 

Q— 2  Q— 3 

CM 

Q-l 

RM  R-l 

R-l 

RM 

S-3  SM 

S-2 

S-3 

31  At  300  K,  for  a  diode  current  of  1  mA,  a  certain 
germanium  diode  requires  a  forward  bias  of  0.1435  V, 
whereas  a  certain  silicon  diode  requires  a  forward  bias 
of  0.718  V.  Under  the  conditions  stated  above,  the 
closest  approximation  of  the  ratio  of  reverse  saturation 
current  in  germanium  diode  to  that  in  silicon  diode  is 
(A)  1  (B)  5 

(C)  4  x  103  (D)  8  x  103 

A  particular  green  LED  emits  light  of  wavelength 
5490  A0.  The  energy  bandgap  of  the  semiconductor 
material  used  there  is  (Plank’s  constant 
=  6.626  x  10“34  J-s) 


(A)  2.26  eV  (B)  1.98  eV 

(C)  1.17  eV  (D)  0.74  eV 

When  the  gate-to-source  voltage  ( VGS )  of  a  MOSFET 
with  threshold  voltage  of  400  mV,  working  in  saturation 
is  900  mV,  the  drain  current  is  observed  to  be  1  mA. 
Neglecting  the  channel  width  modulation  effect  and 
assuming  that  the  MOSFET  is  operating  at  saturation, 
the  drain  current  for  an  applied  VGS  of  1400  mV  is 
(A)  0.5  mA  (B)  2.0  mA 

(C)  3.5  mA  (D)  4.0  mA 

31  If  P  is  Passivation,  Q  is  re-well  implant,  R  is 
metallization  and  S  is  source/drain  diffusion,  then  the 
order  in  which  they  are  carried  out  in  a  standard  re-well 
CMOS  fabrication  process,  is 
(A)  P-Q-R-S  (B)  Q-S-R-P 

(C)  R-P-S-Q  (D)  S-R-Q-P 

IH  An  amplifier  without  feedback  has  a  voltage  gain  of 

50,  input  resistance  of  1  kQ  and  output  resistance  of  2.5 

kQ.  The  input  resistance  of  the  current-shunt  negative 

feedback  amplifier  using  the  above  amplifier  with  a 

feedback  factor  of  0.2,  is 

(A)  1/11  kQ  (B)  1/5  kQ 

(C)  5  kQ  (D)  11  kQ 

m  In  the  amplifier  circuit  shown  in  Fig.  Q.46,  the 
values  of  R,  and  R.z  are  such  that  the  transistor  is 
operating  at  VCE  =  3  V  and  Ic  =  1.5  mA  when  its  p  is 
150.  For  a  transistor  with  p  of  200,  the  operating  point 

(  V(:e  >  Ic) 


(A)  (2  V,  2  mA)  (B)  (3  V,  2  mA) 

(C)  (4  V,  2  mA)  (D)  (4  V,  1  mA) 
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Elrfl  The  oscillator  circuit  shown  in  Fig.  Q.47  has  an  ideal 
inverting  amplifier,  its  frequency  of  oscillation  (in  Hz)  is 


(A) 


(C) 


(2  7 RC) 

1 


(V6RC) 


(D) 


V6 


(2tlRC) 


The  output  voltage  of  the  regulated  power  supply 


(C)  9  V  (D)  12  V 

?Ti^  The  action  of  a  JFET  in  its  equivalent  circuit  can 
best  be  represented  as  a 

(A)  Current  Controlled  Current  Source 

(B)  Current  Controlled  Voltage  Source 

(C)  Voltage  Controlled  Voltage  Source 

(D)  Voltage  Controlled  Current  Source 


Three  identical  amplifiers  with  each  one  having  a 
voltage  gain  of  50,  input  resistance  of  1  kQ  and  output 
resistance  of  250  Q,  are  cascaded.  The  open  circuit 
voltage  gain  of  the  combined  amplifier  is 

(A)  49  dB  (B)  51  dB 

(C)  98  dB  (D)  102  dB 

An  ideal  sawtooth  voltage  waveform  of  frequency 
500  Hz  and  amplitude  3  V  is  generated  by  charging  a 
capacitor  of  2  pF  in  every  cycle.  The  charging  requires 

(A)  constant  voltage  source  of  3  V  for  1  ms 

(B)  constant  voltage  source  of  3  V  for  2  ms 

(C)  constant  current  source  of  3  mA  for  1  ms 

(D)  constant  current  source  of  3  mA  for  2  ms 

13?1  The  circuit  shown  in  Fig.  Q.53  has  4  boxes  each 
described  by  inputs,  P,  Q,  R  and  outputs  Y,  Z  with 
Y  =P  ©  Q  ©  R,  Z  =  RQ  +  PR  +  QP.  The  circuit  acts  as 
a 


Q 


Output 
Fig.  Q53 


(A)  4  bit  adder  giving  P  +  Q 

(B)  4  bit  substracter  giving  P  -  Q 

(C)  4  bit  substracter  giving  Q  -  R 

(D)  4  bit  adder  giving  P  +  Q  +  R 


ETil  If  the  op-amp  in  Fig.  Q.50  is  ideal,  the  output 
voltage  Vout  will  be  equal  to 


^3  If  the  functions  W,  X,  Y  and  Z  are  as  follows 
W  =  R  +  PQ  +  RS 


5kD 


(A)  IV  (B)  6  V 

(C)  14  V  (D)  17  V 


X=PQRS  +PQR  S  +PQRS 
Y  =  RS  +  PR  +  PQ  +  PQ 
Z  =  R  +  S  +  PQ  +  P  Q  ■  R  +  PQ  ■  S  Then 
(A  )W=Z,X=Z  (B)  W  =  Z  ,  X  =  Y 

(C)W=Y  (D)  W  =  Y  =Z 

^  A  4  bit  ripple  counter  and  a  4  bit  synchronous 
counter  are  made  using  flip  flops  having  a  propagation 

delay  of  10  ns  each.  If  the  worst  case  delay  in  the  ripple 
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counter  and  the  synchronous  counter  be  R  and  S 
respectively,  then 

(A)  R  =10  n,  S  =40  ns  (B)  R  =40  ns,  S  =10  ns 
(C)  R  =10  ns,  S  =30  ns  (D)  R  =30  ns,  S  =10  ns 

^3  The  DTL,  TTL,  ECL  and  CMOS  families  of  digital 


ICs  are  compared  in  the  following  4  columns 


p 

Q 

R 

S 

Fanout  is 
minimum 

DTL 

DTL 

TTL 

CMOS 

Power 

consumption  is 
minimum 

TTL 

CMOS 

ECL 

DTL 

Propagation  delay 
is  minimum 

CMOS 

ECL 

TTL 

TTL 

The  correct  column  is 
(A)  P  (B)  Q 

(C)  R  (D)  S 

ldr#  The  circuit  shown  in  Fig.  Q.57  is  a  4  bit  DAC.  The 
input  bits  0  and  1  are  represented  by  0  and  5  V 
respectively.  The  OP  AMP  is  ideal,  but  all  the  resistance 
and  the  5  V  inputs  have  a  tolerance  of  +10%.  The 
specification  (rounded  to  the  nearest  multiple  of  5%)  for 
the  tolerance  of  the  DAC  is 
(A)  ±35%  (B)  ±20% 

(C)  ±10%  (D)  ±5% 


R 


Cvi]  The  circuit  shown  in  Fig.  Q.58  converts 


MSB 


(A)  BCD  to  binary  code 

(B)  Binary  to  excess  -3  code 

(C)  Excess  -3  to  Gray  code 

(D)  Gray  to  Binary  code 

IfTtl  In  the  circuit  shown  in  Fig.  Q.59,  A  is  a  parallel-in, 
parallel-out  4  bit  register,  which  loads  at  the  rising  edge 
of  the  clock  C.  The  input  lines  are  connected  to  a  4  bit 
bus,  W.  Its  output  acts  as  the  input  to  a  16  x  4  ROM 
whose  output  is  floating  when  the  enable  input  E  is  0.  A 
partial  table  of  the  contents  of  the  ROM  is  as  follows 


Fig.  Q 

59 

Address 

Data 

0 

0011 

2 

1111 

4 

0100 

6 

1010 

8 

1011 

10 

1000 

12 

0010 

14 

1000 

The  clock  to  the  register  is  shown,  and  the 
data  on  the  W  bus  at  time  tx  is  0110.  The  data  on  the 
bus  at  time  t2  is 


Fig.  Q58 
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(A)  1111  (B)  1011  Data  for  Q.65-66  are  given  below.  Solve  the 

(C)  1000  (D)  0010  problems  and  choose  the  correct  answers. 


fSTil  In  an  8085  microprocessor,  the  instruction  CMP  B 
has  been  executed  while  the  content  of  the  accumulator 
is  less  than  that  of  register  B.  As  a  result 

(A)  Carry  flag  will  be  set  but  Zero  flag  will  be  reset 

(B)  Carry  flag  will  be  reset  but  Zero  flag  will  be  set 

(C)  Both  Carry  flag  and  Zero  flag  will  be  reset 

(D)  Both  Carry  flag  and  Zero  flag  will  be  set 


Let  X  and  Y  be  two  statistically  independent 
random  variables  uniformly  distributed  in  the  ranges 
(-1, 1)  and  ((-2,  1)  respectively.  Let  Z  =  X  +  Y  .  Then  the 
probability  that  (Z  <-2)  is 
(A)  zero  (B)  | 

(C)  |  (D)  ’ 


Let  P  be  linearity,  Q  be  time-invariance,  R  be 
causality  and  S  be  stability.  A  discrete  time  system  has 
the  input-output  relationship, 


y(n)  =  - 


xin) 

0, 

xin  +  1) 


n  >  1 
n=  0 
n  <- 1 


where  xin)  is  the  input  and  yin)  is  the  output.  The 
above  system  has  the  properties 
(A)  P,  S  but  not  Q,  R  (B)  P,  Q,  S  but  not  R 

(C)  P,  Q,  R,  S  (D)  Q,  R,  S  but  not  P 


Data  for  Q.63-64  are  given  below.  Solve  the 
problems  and  choose  the  correct  answers. 

The  system  under  consideration  is  an  RC  low-pass 
filter  (RC-LPF)  with  R  =  1  kQ  and  C  =  1.0  pF. 


X{t)  is  a  random  process  with  a  constant  mean 
value  of  2  and  the  autocorrelation  function 

Rx{  x)  =  4[e'°'2H  +  1], 


UJ  Let  X  be  the  Gaussian  random  variable  obtained  by 
sampling  the  process  at  t  =  tt  and  let 


Q(<x)=J 


e  2  dy 


The  probability  that  [x  <  1]  is 
(A)  1- Q(0.5)  (B)Q(0.5) 

(C)Q(Af)  (D)  i-QGAy) 


};'L  Let  Y  and  Z  be  the  random  variables  obtained  by 

sampling  Xit)  at  t  =2  and  t  =  4  respectively.  Let 

W  =  Y  -Z.  The  variance  of  W  is 

(A)  13.36  (B)  9.36 

(C)  2.64  (D)  8.00 


Let  xit)  =2  cos  (800n:t)  +  cos  ilAQOnt).  xit)  is  sampled 
with  the  rectangular  pulse  train  shown  in  Fig.  Q.67. 
The  only  spectral  components  (in  kHz)  present  in  the 
sampled  signal  in  the  frequency  range  2.5  kHz  to 
3.5  kHz  are 


Fig.  Q67 

(A)  2.7,  3.4  (B)  3.3,  3.6 

(C)  2.6,  2.7,  3.3,  3.4,  3.6  (D)  2.7,  3.3 


Let  H(  f  )  denote  the  frequency  response  of  the 
RC-LPF.  Let  /j  be  the  highest  frequency  such  that 

0  <  1/1  <  0.95.  Then  f,  (in  Hz)  is 

11  Hi  0)  1 

(A)  327.8  (B)  163.9 

(C)  52.2  (D)  104.4 

Let  t  if)  be  the  group  delay  function  of  the  given 
RC-LPF  and  f2  =  100  Hz.  Then  tg(f2)  in  ms,  is 
(A)  0.717  (B)  7.17 

(C)  71.7  (D)  4.505 


S3  The  signal  flow  graph  of  a  system  is  shown  in  Fig. 
Q.68.  The  transfer  function  of  the  system  is 


(C) 


sis  +  2) 
s2  +  29s  +  6 


(D) 


sis  +  27) 
s2  +29s  +  6 
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iiilThe  root  locus  of  the  system 


Gis)H(s)=- 


K 


s(s  +  2)(s  +  3) 


has  the  break-away  point  located  at 
(A)  (-0.5,  0)  (B)  (-2.548,  0) 

(C)  (-4,  0)  (D)  (-0.784,  0) 


7T- 1  The  gain  margin  and  the  phase  margin  of  a 
feedback  system  with 

G(s)H(s)  =- - T  are 

(s  +  100)3 

(A)  -  dB,  0°  (B)  oo,  co 

(C)  oo,  0°  (D)  88.5  dB,  oo 


FTil  The  approximate  Bode  magnitude  plot  of  a 
minimum  phase  system  is  shown  in  Fig.  Q.70.  The 
transfer  function  of  the  system  is 


dB 


(A)  108 
(C)  108 


(s  +  0.1)3 

(s  +  10)2(s  +  100) 
(a  +  0.1)2 

(s  +  10)2(s  +  100) 


(B)  107 
(D)  109 


(s  +  0.1)3 
(s  +  10)(s  +  100) 

(s  +  0.1)3 

(s  +  10)(s  +  100)2 


m  A  second-order  system  has  the  transfer  function 

C(s)  4 
R(s)  s2  +  4s  +  4 


The  zero-input  response  of  a  system  given  by  the 
state-space  equation 


T  0" 

xx 

and 

x,(0) 

T 

x2  _ 

l  l 

_X>2  _ 

x2(0) 

0 

(A) 

~ter 

(B) 

e‘ 

t 

t 

e‘  " 

~t 

(C) 

te‘ 

(D) 

te*_ 

Ti 1  A  DSB-SC  signal  is  to  be  generated  with  a  carrier 
frequency  fc  =  1  MHz  using  a  nonlinear  device  with  the 
input-output  characteristic  v0  =  a0v1  +  a,  vf  where  a0  and 
cq  are  constants.  The  output  of  the  nonlinear  device 
can  be  filtered  by  an  appropriate  band-pass  filter.  Let 
vt  =  A'c  cos  (2nf‘f)  +  m(t)  where  m(t)  is  the  message 
signal.  Then  the  value  of  f‘  (in  MHz)  is 
(A)  1.0  (B)  0.333 

(C)  0.5  (D)  3.0 


With  r(t)  as  the  unit-step  function,  the  response 
c(t)  of  the  system  is  represented  by 


(A) 


(B) 


Step  Response 


(C) 


Step  Response 


(D) 


Step  Response  Step  Response 


The  data  for  Q.75-76  are  given  below.  Solve  the 
problems  and  choose  the  correct  answers. 

Let  m(t)  =cos  [(4jix  103)t]  be  the  message  signal 
and  c(t)  =5  cos  [(2tix  106)t]  be  the  carrier. 

Hi 1  c(  t)  and  mi  t)  are  used  to  generate  an  AM  signal.  The 

modulation  index  of  the  generated  AM  signal  is  0.5. 

rnl  ,,  ...  Total  side  band  power  . 

lhen  the  quantity - £ - is 

Carrier  power 

(A)  |  (B)  i 

(C)  |  (D)  | 

HU  dt)  and  mi t)  are  used  to  generate  an  FM  signal.  If 
the  peak  frequency  deviation  of  the  generated  FM  is 
three  times  the  transmission  bandwidth  of  the  AM 
signal,  then  the  coefficient  of  the  term 
cos  [2ji(1008  x  10'X)]  in  the  FM  signal  (in  terms  of  the 
Bessel  coefficients)  is 
(A)  5J4(3)  (B)  |  J8( 3) 
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!  A  uniform  plane  wave  traveling  in  air  is  incident  on 
the  plane  boundary  between  air  and  another  dielectric 
medium  with  er  =  4.  The  reflection  coefficient  for  the 
normal  incidence,  is 

(A)  zero  (B)  0.5  Z180° 

(C)  0.333  Z0°  (D)  0.333Z1800 

ESI  If  the  electric  field  intensity  associated  with  a 
uniform  plane  electromagnetic  wave  traveling  in  a 
perfect  dielectric  medium  is  given  by 

E{z,  t)  =  10 cos  (27t  x  10 1t  -0.l7iz)  volt/m,  then  the 
velocity  of  the  traveling  wave  is 

(A)  3.00  x  108  m/sec  (B)  2.00  x  108  m/sec 

(C)  6.28  x  107  m/sec  (D)  2.00  x  107  m/sec 

ESI  A  short-circuited  stub  is  shunt  connected  to  a 
transmission  line  as  shown  in  Fig.  Q.88.  If  Z„  =50  ohm, 
the  admittance  Y  seen  at  the  junction  of  the  stub  and 
the  transmission  line  is 


Two  identical  antennas  are  placed  in  the  0  =  7i  /  2 
plane  as  shown  in  Fig.  Q.90.  The  elements  have  equal 
amplitude  excitation  with  180°  polarity  difference, 
operating  at  wavelength  X.  The  correct  value  of  the 
magnitude  of  the  far-zone  resultant  electric  field 
strength  normalized  with  that  of  a  single  element,  both 
computed  for  <|>  =  0,  is 


Fig.  Q.90 


(A)  2  cos  f — 1 

(B)  2  sin  [  — 

l  *  J 

l  A.  . 

(C)  2  cos  f— 1 

(D)  2sinf— 1 

UJ 

UJ 

(A)  (0.01  -  j'0.02)  mho  (B)  (0.02  -  JO. 01)  mho 

(C)  (0.04  -J0.02)  mho  (D)  (0.02  +  JO)  mho 


ESI  A  rectangular  metal  wave  guide  filled  with  a 
dielectric  material  of  relative  permitivity  e  r  =  4  has  the 
inside  dimensions  3.0  cm  x  1.2  cm.  The  cut-off  frequency 
for  the  dominant  mode  is 

(A)  2.5  GHz  (B)  5.0  GHz 

(C)  10.0  GHz  (D)  12.5  GHz 
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For  the  R-L  circuit  shown  in  Fig.  Q.5,  the  input 
voltage  vt(i)  =  u(t).  The  current  i(t)  is 

i(t )  1  H 

o-=^ — ^yyv^ - 


o - 

Fig  Q.5 


£(sec) 


H  The  impurity  commonly  used  for  realizing  the  base 
region  of  a  silicon  n-p-n  transistor  is 

(A)  Gallium  (B)  Indium 

(C)  Boron  (D)  Phosphorus 


J  If  for  a  silicon  n-p-n  transistor,  the  base-to-emitter 
voltage  (VBE)  is  0.7  V  and  the  collector-to-base  voltage 
(VCB)  is  0.2  V,  then  the  transistor  is  operating  in  the 

(A)  normal  active  mode  (B)  saturation  mode 

(C)  inverse  active  mode  (D)  cutoff  mode 


3  Consider  the  following  statements  SI  and  S2. 

51  :  The  p  of  a  bipolar  transistor  reduces  if  the  base 
width  is  increased. 

52  :  The  p  of  a  bipolar  transistor  increases  if  the 
doping  concentration  in  the  base  is  increased. 


(C)  current  controlled  current  source 

(D)  current  controlled  voltage  source 

S3  Voltage  series  feedback  (also  called  series-shunt 
feedback)  results  in 

(A)  increase  in  both  input  and  output  impedances 

(B)  decrease  in  both  input  and  output  impedances 

(C)  increase  in  input  impedance  and  decrease  in 
output  impedance 

(D)  decrease  in  input  impedance  and  increase  in 
output  impedance 

EH  The  circuit  in  Fig.  Q.ll  is  a 


(A)  low-pass  filter  (B)  high-pass  filter 

(C)  band-pass  filter  (D)  band-reject  filter 

m  Assuming  VCEsat  =0.2  V  and  p=  50,  the  minimum 
base  current  (IB)  required  to  drive  the  transistor  in  Fig. 
Q.12  to  saturation  is 


3  V 


(A)  56  pA  (B)  140  mA 

(C)  60  pA  (D)  3  mA 


Which  one  of  the  following  is  correct  ? 

(A)  SI  is  FALSE  and  S2  is  TRUE 

(B)  Both  SI  and  S2  are  TRUE 

(C)  Both  SI  and  S2  are  FALSE 

(D)  SI  is  TRUE  and  S2  is  FALSE 

Vj  An  ideal  op-amp  is  an  ideal 

(A)  voltage  controlled  current  source 

(B)  voltage  controlled  voltage  source 
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S3  A  master-slave  flip-flop  has  the  characteristic  that 

(A)  change  in  the  input  is  immediately  reflected  in 
the  output 

(B)  change  in  the  output  occurs  when  the  state  of  the 
master  is  affected 

(C)  change  in  the  output  occurs  when  the  state  of  the 
slave  is  affected 

(D)  both  the  master  and  the  slave  states  are  affected 
at  the  same  time 
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m  The  range  of  signed  decimal  numbers  that  can  be 
represented  by  6-bit  l’s  complement  numbers  is 

(A)  -31  to  +31  (B)  -63  to  +64 

(C)  -64  to  +63  (D)  -32  to  +31 

flil  A  digital  system  is  required  to  amplify  a 
binary-encoded  audio  signal.  The  user  should  be  able  to 
control  the  gain  of  the  amplifier  from  a  minimum  to  a 
maximum  in  100  increments.  The  minimum  number  of 
bits  required  to  encode,  in  straight  binary,  is 

(A)  8  (B)  6 

(C)  5  (D)  7 


Choose  the  correct  one  from  among  the  alternatives 
A,  B,  C,  D  after  matching  an  item  from  Group  1  with 
the  most  appropriate  item  in  Group  2. 


Group  1 

Group  2 

P:  Shift  register 

1:  Frequency  division 

Q:  Counter 

2:  Addressing  in  memory  chips 

R:  Decoder 

3:  Serial  to  parallel  data  conversion 

(A) 

(B) 

(C) 

(D) 

P-3 

P-3 

P-2 

P-1 

Q-2 

Q-l 

Q-l 

Q-3 

R-l 

R-2 

R-3 

R-2 

EEZ  Fig.  Q.17  shows  the  internal  schematic  of  a  TTL 
AND-OR-Invert  (AOI)  gate.  For  the  inputs  shown  in 
Fig.  Q.17,  the  output  Y  is 


(A)  0  (B)  1 

(C)  AB  (D)  AB 

[0  Fig.  Q.18  is  the  voltage  transfer  characteristic  of 

(A)  an  NMOS  inverter  with  enhancement  mode 
transistor  as  load 

(B)  an  NMOS  inverter  with  depletion  mode  transistor 
as  load 

(C)  a  CMOS  inverter 

(D)  a  BJT  inverter 


fCl  The  impulse  response  h\n\  of  a  linear  time-invariant 
system  is  given  by 

h[n]  =  u[n  +  3]  +  u[n  -2]  -2 u[n  -7] 

where  u[n ]  is  the  unit  step  sequence.  The  above 
system  is 


v 

’  out 


0 

Fig  Q.18 


(A)  stable  but  not  causal 

(B)  stable  and  causal 

(C)  causal  but  unstable 

(D)  unstable  and  not  causal 

The  distribution  function  Fx(  x)  of  a  random  variable 
X  is  shown  in  Fig.  Q.20.  The  probability  that  X  =  1  is 


(A)  zero 
(C)  0.55 


(B)  0.25 
(D)  0.30 


The  z-transform  of  a  system  is 

z 


H(z)  = 


z -02 


If  the  ROC  is  \z  I  <0.2,  then  the  impulse  response 
of  the  system  is 


(A)  (02)"  u[n] 
(C)  -(0 2)nu[n] 


(B)  (02)"  u[-n  - 1] 

(D)  ~(02)n  u[-n  -  1] 


The  Fourier  transform  of  a  conjugate  symmetric 
function  is  always 

(A)  imaginary  (B)  conjugate  anti-symmetric 

(C)  real  (D)  conjugate  symmetric 
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Consider  the  Bode  magnitude  plot  shown  in  Fig. 
Q.33.  The  transfer  function  H(s)  is 


20  log  H(jw) 


(A) 


(s  +  10) 

(s  +  l)(s  +  100) 


(B) 


10(s  + 1) 

(s  +  10)(s  +  100) 


(C) 


102(s  + 1) 

(s  +  10)(s  +  100) 


(D) 


103(s  +  100) 
(s  +  lXs  +  10) 


Wt  The 
circuit  is 


transfer  function  H(s)  = 
given  by 


Va(s) 

Vj(s) 


of  an  R-L-C 


H(s)  = 


106 

s2  +  20s  +  106 


The  Quality  factor  (Q-factor)  of  this  circuit  is 
(A)  25  (B)  50 

(C)  100  (D)  5000 


For  the  circuit  shown  in  Fig.  Q.35,  the  initial 
conditions  are  zero.  Its  transfer  function 
H(s)  =  Vc(s)/V,(s)  is 

1  106 


(A) 


s2  +  10  s  +  106 


(B) 


10  kO  10  mH 


vlt) 


ioo  gF: 


s2  +  10  s  +  106 


vSt) 


Fig  Q35. 


571  Consider  the  following  statements  SI  and  S2. 

51  :  At  the  resonant  frequency  the  impedance  of  a 
series  R-L-C  circuit  is  zero. 

52  :  In  a  parallel  G-L-C  circuit,  increasing  the 
conductance  G  results  in  increase  in  its  Q  factor. 

Which  one  of  the  following  is  correct  ? 

(A)  SI  is  FALSE  and  S2  is  TRUE 

(B)  Both  SI  and  S2  are  TRUE 

(C)  SI  is  TRUE  and  S2  is  FALSE 

(D)  Both  SI  and  S2  are  FALSE 

jg.  In  an  abrupt  p-n  junction,  the  doping 
concentrations  on  the  p-side  and  n-side  are 
Na  =9  x  1016/cm3  respectively.  The  p-n  junction  is 
reverse  biased  and  the  total  depletion  width  is  3  pm. 
The  depletion  width  on  the  p-side  is 
(A)  2.7  pm  (B)  0.3  pm 

(C)  2.25  pm  (D)  0.75  pm 

5T51  The  resistivity  of  a  uniformly  doped  n-type  silicon 
sample  is  0.5  Q-cm.  If  the  electron  mobility  (p „ )  is  1250 
crrC/V-sec  and  the  charge  of  an  electron  is  1.6  x  10  19 
Coulomb,  the  donor  impurity  concentration  (ND)  in  the 
sample  is 

(A)  2  x  1016/cm3  (B)  1  x  1016/cm3 

(C)  2.5  x  1015/cm3  (D)  5  x  1015/cm3 

Consider  an  abrupt  p-n  junction.  Let  Vbi  be  the 
built-in  potential  of  this  junction  and  VR  be  the  applied 
reverse  bias.  If  the  junction  capacitance  (C  -)  is  1  pF  for 
Vbi  +  VR  =  1  V,  then  for  Vbi  +  VR  =  4  V,  C'(  will  be 
(A)  4  pF  (B)  2  pF 

(C)  0.25  pF  (D)  0.5  pF 


(C) 


103 

s2  +  103s  +  106 


(D) 


106 

s2  +  106s  +  106 


A  system  described  by  the  following  differential 
equation 


d2y 
dt 2 


+  2y  =  x{t) 


m  Consider  the  following  statements  SI  and  S2. 

51  :  The  threshold  voltage  (VT)  of  a  MOS  capacitor 
decreases  with  increase  in  gate  oxide  thickness. 

52  :  The  threshold  voltage  ( VT )  of  a  MOS  capacitor 
decreases  with  increase  in  substrate  doping 
concentration. 

Which  one  of  the  following  is  correct  ? 


is  initially  at  rest.  For  input  x(t)  =2 u(t),  the  output 
y(t)  is 

(A)  (1-2 e~‘  +  e~2‘)u(t)  (B)  (1  +  2e~‘  -  e~2t)u{t) 

(C)  (0.5  +  e*  +  15e~2t)u{t)  (D)  (0.5  +  2e-‘  +  2 e~2t)u(t) 


(A)  SI  is  FALSE  and  S2  is  TRUE 

(B)  Both  SI  and  S2  are  TRUE 

(C)  Both  SI  and  S2  are  FALSE 

(D)  SI  is  TRUE  and  S2  is  FALSE 
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The  drain  of  an  n-channel  MOSFET  is  shorted  to 
the  gate  so  that  VGS  =  VDS  .  The  threshold  voltage  (VT)  of 
the  MOSFET  is  1  V.  If  the  drain  current  (ID)  is  1  mA  for 
VGS  =  2  V,  then  for  VGS  =  3  V,  ID  is 

(A)  2  mA  (B)  3  mA 

(C)  9  mA  (D)  4  mA 

The  longest  wavelength  that  can  be  absorbed  by 
silicon,  which  has  the  bandgap  of  1.12  eV,  is  1.1  pm.  If 
the  longest  wavelength  that  can  be  absorbed  by  another 
material  is  0.87  pm,  then  the  bandgap  of  this  material 
is 

(A)  1.416  eV  (B)  0.886  eV 

(C)  0.854  eV  (D)  0.706  eV 

The  neutral  base  width  of  a  bipolar  transistor, 
biased  in  the  active  region,  is  0.5  pm.  The  maximum 
electron  concentration  and  the  diffusion  constant  in  the 
base  are  1014/cm3  and  Dn  =25cm2/sec  respectively. 
Assuming  negligible  recombination  in  the  base,  the 
collector  current  density  is  (the  electron  charge  is 
1.6  x  10  19  Coulomb) 

(A)  800  A/cm2  (B)  9  A/cm2 

(C)  200  A/cm2  (D)  2  A/cm2 

Assume  that  the  p  of  the  transistor  is  extremely 
large  and  VBE  =0.7  V,  Ic  and  VCE  in  the  circuit  shown  in 
Fig.  Q.45  are 


5  V 


Fig  Q.45 

(A)  Ic  =1  mA,  VCE  =  4.7  V 

(B)  Ic  =  0.5  mA,  VCE  =  3.75  V 

(C)  Ic  =  1mA,  VCE  =2.5  V 

(D)  Ic  =  0.5  mA,  VCE  =  3.9  V 


A  bipolar  transistor  is  operating  in  the  active  region 
with  a  collector  current  of  1  mA.  Assuming  that  the  p  of 
the  transistor  is  100  and  the  thermal  voltage  ( VT )  is  25 
mV,  the  transconductance  ( gm )  and  the  input  resistance 
(rj  of  the  transistor  in  the  common  emitter 
configuration,  are 

(A)  gm  =25  mA/V  and  rn  =15.625  kQ 

(B)  gm  =  40  mA/V  and  rn  =  4.0  kQ 

(C)  gm  =  25  mA/V  and  rn  =2.5  kQ 

(D)  gm  =  40  mA/V  and  rn  =2.5  kQ 


The  value  of  C  required  for  sinusoidal  oscillations  of 
frequency  1  kHz  in  the  circuit  of  Fig.  Q.47  is 


lkn  2.1  kn 


Fig  Q.47 

(B)  2 tc  pF 

(D)2tiV6  pF 


(A)  —  pF 
2n 


(C) 


27iV(3 


pF 


Uf  In  the  op-amp  circuit  given  in  Fig.  Q.48,  the  load 
current  iL  is 


R  i 


(D) 


El 

R, 
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^3  Consider  the  sequence  of  8085  instructions  given 
below 

LXI  H,  9258 
MOV  A,  M 
CMA 

MOV  M  ,  A 


flfll  A  1  kHz  sinusoidal  signal  is  ideally  sampled  at  1500 

samples  /sec  and  the  sampled  signal  is  passed  through 

an  ideal  low-pass  filter  with  cut-off  frequency  800  Hz. 

The  output  signal  has  the  frequency 

(A)  zero  Hz  (B)  0.75  kHz 

(C)  0.5  kHz  (D)  0.25  kHz 


Which  one  of  the  following  is  performed  by  this 
sequence? 

(A)  Contents  of  location  9258  are  moved  to  the 
accumulator 

(B)  Contents  of  location  9258  are  compared  with  the 
contents  of  the  accumulator 

(C)  Contents  of  location  8529  are  complemented  and 
stored  in  location  8529 

(D)  Contents  of  location  5892  are  complemented  and 
stored  in  location  5892 

A  Boolean  function  f  of  two  variables  x  and  y  is 
defined  as  follows  : 

f(0,  0)  =  fi 0,  1)  =  fil,  1)  =  1;  fil,  0)  =0 

Assuming  complements  of  x  and  y  are  not 
available,  a  minimum  cost  solution  for  realizing  f 
using  only  2-input  NOR  gates  and  2-input  OR  gates 
(each  having  unit  cost)  would  have  a  total  cost  of 

(A)  1  unit  (B)  4  units 

(C)  3  units  (D)  2  units 


31  A  rectangular  pulse  train  sit)  as  shown  in  Fig.  Q.61 
is  convolved  with  the  signal  cos2  (4tt  x  103/).  The 
convolved  signal  will  be  a 

s(«) 


Fig  Q.61 


(A)  DC  (B)  12  kHz  sinusoid 

(C)  8  kHz  sinusoid  (D)  14  kHz  sinusoid 

Consider  the  sequence 

x[rc]  =  [-4-j'5  1+  j2  5] 

t 

The  conjugate  anti-symmetric  part  of  the  sequence  is 

(A)  [-4  -  j'2.5  j2  4-j2.5] 

(B)  [-j'2.5  1  J2.5] 

(C)  [ -J2.5  j2  0] 

(D)  [-X  1  4] 


^3  It  is  desired  to  multiply  the  numbers  0AH  by  0BH 
and  store  the  result  in  the  accumulator.  The  numbers 
are  available  in  registers  B  and  C  respectively.  A  part  of 
the  8085  program  for  this  purpose  is  given  below: 

MVI  A,  00H 
LOOP:  - 


HLT 

END 

The  sequence  of  instructions  to  complete  the 
program  would  be 


/  A  causal  LTI  system  is  described  by  the  difference 
equation 

2y\n\  =  ay[n  -2]  -2 x[n\  +  p x[n  -  1] 

The  system  is  stable  only  if 

(A)  |a|  =2,  |p|  <2 

(B)  |a|  >2,  |p|  >2 

(C)  |a|  <2,  any  value  of  p 

(D)  |p|  <2,  any  value  of  a 


A  causal  system  having  the  transfer  function 


His)  = 


1 

s  +  2 


(A)  JNZ  LOOP,  ADD  B,  DCR  C 

(B)  ADD  B,  JNZ  LOOP,  DCR  C 

(C)  DCR  C,  JNZ  LOOP,  ADD  B 

(D)  ADD  B,  DCR  C,  JNZ  LOOP 


is  excited  with  10  u(t).  The  time  at  which  the 

output  reaches  99%  of  its  steady  state  value  is 

(A)  2.7  sec  (B)  2.5  sec 

(C)  2.3  sec  (D)  2.1  sec 
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The  impulse  response  h[n]  of  a  linear  time  invariant 
system  is  given  as 


h\n]  =  ■ 


-2V2 

4V2 

0 


n  =  1,-1 
n=  2,-2 
otherwise 


If  the  input  to  the  above  system  is  the  sequence 
ep"  4,  then  the  output  is 

(A)  4^2ejnn/4  (B)  4^2e-Jm/4 

(C)  4ejm/4  (D)  -4ejnn/4 


then  sin  At  is 


(A) 


sin(  -4 1)  +  2  sin( -t)  -  sin(  -4 1)  +  2  sin(  -t) 
-  sin(  -4 1)  +  sin( -t)  2  sin(  -4 1)  +  sin(  - 1 ) 


(B) 


sin(-2t) 

sin(t) 


sin(2t) 

sin(-3t) 


sin(4t)  +  2  sin(t)  2  sin(-4t)  -  2  sin(-t) 
-sin(-4t)  +  sin(t)  2  sin(4£)  +  sin(t) 


(D) 


cos(-t)  +  2cos(£) 
-cos(-4£)  +  sin(-t) 


2cos(-4£)  -2sin(-£) 
-2  cos(4t)  +  cos(£) 


l?il  Let  x(t)  and  y(t)  with  Fourier  transforms  F(f)  and 
Y(f)  respectively  be  related  as  shown  in  Fig.  Q.66.  Then 
Y(f)  is 


(A)  - 1  X(f/ 2)e~j^  (B)  - 1  X(f/2)ej2* 

(C)  -  X(f/2)  e'2nf  (D)  -  X(f/2)  e 

A  system  has  poles  at  0.01  Hz,  1  Hz  and  80  Hz; 
zeros  at  5  Hz,  100  Hz  and  200  Hz.  The  approximate 
phase  of  the  system  response  at  20  Hz  is 

(A)  -90°  (B)  0° 

(C)  90°  (D)  -180° 


The  open-loop  transfer  function  of  a  unity  feedback 
system  is 


G(s)  = 


K 


s(s  +  s  +  2)(s  +  3) 


The  range  of  K  for  which  the  system  is  stable  is 


(A)  —  >K  >0 
4 


21 

(C)  —  <K  <00 

4 


(B)  13  >  A  >0 

(D)  -6  <  K  <00 


^  For  the  polynomial 

P(s)  =  s5  +  s4  +  2s3  +  2s2  +  3s  +  15 

the  number  of  roots  which  lie  in  the  right  half  of 
the  s-plane  is 

(A)  4  (B)  2 

(C)  3  (D)  1 

7P- 1  The  state  variable  equations  of  a  system  are  : 

Xj  =  -3x1  -  x2  =u,  x2  =  2x1  ,  y  =  x1  +  u 


[23  Consider  the  signal  flow  graph  shown  in  Fig.  Q.68. 
The  gain  —  is 


The  system  is 

(A)  controllable  but  not  observable 

(B)  observable  but  not  controllable 

(C)  neither  controllable  nor  observable 

(D)  controllable  and  observable 


(A) 


(B) 


(C) 


(D) 


1  -  ( be  +  cf  +  dg) 
abed 
bedg 

1  -  (be  +  cf  +  dg) 
abed 

1  -(be  +  cf  +  dg)  +  bedg 

1  -  (be  +  cf  +  dg)  +  bedg 
abed 


Given  A 


1  0 
0  1 


the  state  transition  matrix  eM  is 


given  by 


(A) 

"  0  e~‘ 

(B) 

0 

el 

e~‘  0 

e‘ 

0 

(C) 

e~‘  0" 

(D) 

V 

0“ 

0  e~‘ 

0 

el 
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m  Consider  the  signal  x(t)  shown  in  Fig.  Q.74.  Let  hit) 
denote  the  impulse  response  of  the  filter  matched  to 
x(t),  with  hi t)  being  non-zero  only  in  the  interval  0  to  4 
sec.  The  slope  of  hit)  in  the  interval  3  <  t  <  4  sec  is 


FT!  Consider  a  binary  digital  communication  system 
with  equally  likely  0’s  and  l’s.  When  binary  0  is 
transmitted  the  voltage  at  the  detector  input  can  lie 
between  the  levels  -0.25  V  and  +0.25  V  with  equal 
probability;  when  binary  1  is  transmitted,  the  voltage  at 
the  detector  can  have  any  value  between  0  and  1  V  with 
equal  probability.  If  the  detector  has  a  threshold  of  0.2V 
(i.e.  if  the  received  signal  is  greater  than  0.2V,  the  bit  is 
taken  as  1),  the  average  bit  error  probability  is 
(A)  0.15  (B)  0.2 

(C)  0.05  (D)  0.5 


(A)  sec1  (B)  -1  sec"1 

(C)  -1/2  sec-1  (D)  1  sec-1 

Hi 1  A  1  mW  video  signal  having  a  bandwidth  of  100 
MHz  is  transmitted  to  a  receiver  through  a  cable  that 
has  40  dB  loss.  If  the  effective  one-sided  noise  spectral 
density  at  the  receiver  is  1 0  ~20  Watt/Hz,  then  the 
signal-to-noise  ratio  at  the  receiver  is 

(A)  50  dB  (B)  30  dB 

(C)  40  dB  (D)  60  dB 

Hil  A  100  MHz  carrier  of  IV  amplitude  and  a  1  MHz 
modulating  signal  of  IV  amplitude  are  fed  to  a  balanced 
modulator.  The  output  of  the  modulator  is  passed 
through  an  ideal  high-pass  filter  with  cut-off  frequency 
of  100  MHz.  The  output  of  the  filter  is  added  with  100 
MHz  signal  of  IV  amplitude  and  90°  phase  shift  as 
shown  in  Fig.  Q.76.  The  envelope  of  the  resultant  signal 
is 


100  Mhz,  1  V  100  Mhz,  1  V  90° 

Fig  Q.76 


(A)  constant  (B)  -Jl  +  sin(27ix  10 6t) 

(C)  ^5/4  -sin(27tx  106/)  (D)  ^5/4  +  cos(2jix  106/) 


Hil  A  random  variable  X  with  uniform  density  in  the 
interval  0  to  1  is  quantized  as  follows: 

if  0  <  V  <0.3,  xq=0 
if  0.3  <  V  <  1,  xq=0.7 

where  xq  is  the  quantized  value  of  X.  The 
root-mean  square  value  of  the  quantization  noise  is 
(A)  0.573  (B)  0.198 

(C)  2.205  (D)  0.266 

£fil  Choose  the  correct  one  from  among  the  alternatives 
A,  B,  C,  D  after  matching  an  item  from  Group  1  with 
the  most  appropriate  item  in  Group  2. 


Group  1 

Group  2 

1  :  FM 

P  :  Slope  overload 

2  :  DM 

Q  :  p-law 

3  :  PSK 

R  :  Envelope  detector 

4  :  PCM 

S  :  Capture  effect 

T  :  Hilbert  transfer 

U  :  Matched  filter 

(A)  (B) 

(C) 

(D) 

1-T  1-S 

1-S 

1-U 

2-P  2-U 

2-P 

2-R 

3-U  3-P 

3-U 

3-S 

4-S  4-T 

4-Q 

4-Q 

fH  Two  sinusoidal  signals  of  same  amplitude  and 
frequencies  10  kHz  and  10.1  kHz  are  added  together. 
The  combined  signal  is  given  to  an  ideal  frequency 
detector.  The  output  of  the  detector  is 
(A)  0.1  kHz  sinusoid  (B)  20.1  kHz  sinusoid 

(C)  a  linear  function  of  time  (D)  a  constant 


Three  analog  signals,  having  bandwidth  1200  Hz, 
600  Hz  and  600  Hz,  are  sampled  at  their  respective 
Nyquist  rates,  encoded  with  12  bit  words,  and  time 
division  multiplexed.  The  bit  rate  for  the  multiplexed 
signal  is 

(A)  1,  15.2  kbps  (B)  28.8  kbps 

(C)  27.6  kbps  (D)  38.4  kbps 
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Consider  a  system  shown  in  Fig.  Q.82.  Let  X(  f  )  and 
Y(f)  denote  the  Fourier  transforms  of  x(t)  and  y(t) 
respectively.  The  ideal  HPF  has  the  cutoff  frequency  10 
kHz. 


X(f) 


n  kHz) 


x(t) 


0  0 


y(t) 


10  kHz 


13  kHz 


Fig  Q.82 


The  positive  frequencies  where  Y  (f)  has  spectral 
peaks  are 

(A)  1  kHz  and  24  kHz  (B)  2  kHz  and  24  kHz 

(C)  1  kHz  and  14  kHz  (D)  2  kHz  and  14  kHz 


A  parallel  plate  air-filled  capacitor  has  plate  area  of 
10  1  m2  and  plate  separation  of  10  3  m.  It  is  connect-  ed 
to  a  0.5  V,  3.6  GHz  source.  The  magnitude  of  the 
displacement  current  is  (eD  =  1/3671  x  10  !'F/m) 

(A)  10  mA  (B)  100  mA 

(C)  10  A  (D)  1.59  mA 

!  A  source  produces  binary  data  at  the  rate  of  10 
kbps.  The  binary  symbols  are  represented  as  shown  in 
Fig.Q.84 

Binary  1  BinarY  1 


£(ms) 


Fig  Q.84 

The  source  output  is  transmitted  using  two 
modulation  schemes,  namely  Binary  PSK  (BPSK)  and 
Quadrature  PSK  (QPSK).  Let  B1  and  B2  be  the 
bandwidth  requirements  of  BPSK  respectively. 
Assuming  that  the  bandwidth  of  the  above  rectangular 
pulses  is  10  kHz,  B1  and  B.z  are 

(A)  B1  =  20  kHz,  B2  =  kHz 

(B)  B j  =  10  kHz,  B2  =  10  kHz 


IV 


o.i 


■  f(ms)  0 


-IV 


(C)  B1  =  20  kHz,  B2  =  10  kHz 

(D)  B1  =  10  kHz,  B2  =  10  kHz 

5E1  Consider  a  300  Q,  quarter-wave  long  (at  1  GHz) 
transmission  line  as  shown  in  Fig.  Q.85.  It  is  connected 
to  a  10  V,  50Q  source  at  one  end  and  is  left  open 
circuited  at  the  other  end.  The  magnitude  of  the  voltage 
at  the  open  circuit  end  of  the  line  is 


10  V,  50  £1  source 

Zo=300Q 

w — 

- V4 - 

— H 

Fig  Q.85 

(A)  10  V  (B)  5  V 

(C)  60  V  (D)  60/7  V 

CLj  In  a  microwave  test  bench,  why  is  the  microwave 
signal  amplitude  modulated  at  1  kHz  ? 

(A)  To  increase  the  sensitivity  of  measurement 

(B)  To  transmit  the  signal  to  a  far-off  place 

(C)  To  study  amplitude  modulation 

(D)  Because  crystal  detector  fails  at  microwave 
frequencies 

22  If  E=(a,  +  jay)eJkz-jB“  and 

H  =(A/rap)(av  +  jsLx)eikz~M ,t)\e  time-averaged  Poynting 
vector  is 

(A)  null  vector  (B)  (A:/cop)a z 

(C)  (2&/cop)a2  (D)  (&/2cop)az 

Consider  an  impedance  Z  =  R  +  jX  marked  with 
point  P  in  an  impedance  Smith  chart  as  shown  in  Fig. 
Q.88.  The  movement  from  point  P  along  a  constant 
resistance  circle  in  the  clockwise  direction  by  an  angle 
45°  is  equivalent  to 
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Question  1-  30  Carry  one  Mark  each. 

3  The  following  differential  equation  has 


,d*y 
'  dt 2 


dy 

dt 


y2  +  2  =  x 


(A)  degree  =  2,  order  =  1 

(B)  degree  =  3,  order  =  2 

(C)  degree  =  4,  order  =  3 

(D)  degree  =  2,  order  =3 

3  Choose  the  function  fit);-  oo  <  t  <  oo  for  which  a 
Fourier  series  cannot  be  defined. 

(A)  3sin(25t)  (B)  4cos(20t  +  3)  +  2  sin(710t) 


(C)  e  '  sin(25t) 


(D)  1 


gj  A  fair  dice  is  rolled  twice.  The  probability  that  an  odd 
number  will  follow  on  even  number  is 


(A) 

(C) 


(B) 

(D) 


U  A  solution  of  the  following  differential  equation  is 
given  by 


d2y  _  dy  _  . 

— ir  -5  —  +  6y  =0 
dt  dt 


(A)  y  =  e2x  +  e~3x 
(C)  y=e~2x  +e~3x 


(B)  y  =e2x  +  e3x 
(D)  y  =  e~2x  +  e~3 


s'.!  The  function  x{t)  is  shown  in  the  figure.  Even  and 
odd  parts  of  a  unit  step  function  u.(t)  are  respectively, 


x(t) 

1  _ 


(A)-,  -xit) 

2  2 

(C)  \  -  1  xit) 
2  2 


Fig.  Q5 


(B)  -xit) 

2  2 

(D)  -  1  xit) 

2  2 


3  The  region  of  convergence  of  z  -  transform  of  the 


sequence 


(A)  y  <4 


uiri)  - 


5  I,  6 
(C)  —  <  z  <  — 

6  5 


ui-n  -  1)  must  be 


(B)  y>- 
1  6 


(D)  —  <  \z\  <  oo 

5 


2  The  condition  on  R,  L  and  C  such  that  the  step 
response  yit)  in  the  figure  has  no  oscillations,  is 
L  R 


u(t ) 


1  L 


6 


y(t) 


Fig.  Q7 


(A)  R  >  — 

L 
C 


(C)  R> 2 
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^  The  ABCD  parameters  of  an  ideal  n:  1  transformer 

n  0 
0  X 


shown  in  the  figure  are 


The  value  of  x  will  be 


n  :  1 


Fig.  Q8 


(A)  n 
(C)  n 2 


(B)  - 
n 

(D)  \ 


In  a  series  RLC  circuit,  R=  2  kQ,  L=1  H  and 

C  =  1  u.  The  resonant  frequency  is 
400 


(A)  2  x  104  Hz 
(C) 104  Hz 


(B)  A  x  104  Hz 
n 

(D)  27t  x  104  Hz 


E0  The  maximum  power  that  can  be  transferred  to  the 
load  resistor  RL  from  the  voltage  source  in  the  figure  is 


ioo  n 

-AAAr 


10  v 


6 


(A)  1  W 
(C)  0.25  W 


Fig.  Q10 

(B)  10  W 
(D)  0.5  W 


E0  The  bandgap  of  Silicon  at  room  temperature  is 

(A)  1.3  eV  (B)  0.7  eV 

(C)  1.1  eV  (D)  1.4  eV 

m  A  Silicon  PN  junction  at  a  temperature  of  20°  C  has 
a  reverse  saturation  current  of  10  pico  -  Amperes  (pA). 
The  reserve  saturation  current  at  40°  C  for  the  same 
bias  is  approximately 

(A)  30  pA  (B)  40  pA 

(C)  50  pA  (D)  60  pA 

EE1  The  primary  reason  for  the  widespread  use  of 
Silicon  in  semiconductor  device  technology  is 


(A)  abundance  of  Silicon  on  the  surface  of  the  Earth. 

(B)  larger  bandgap  of  Silicon  in  comparison  to 
Germanium. 

(C)  favorable  properties  of  Silicon  -  dioxide  (Si02) 

(D)  lower  melting  point. 

EES  The  effect  of  current  shunt  feedback  in  an  amplifier 
is  to 

(A)  increase  the  input  resistance  and  decrease  the 
output  resistance. 

(B)  increase  both  input  and  output  resistance 

(C)  decrease  both  input  and  output  resistance. 

(D)  decrease  the  input  resistance  and  increase  the 
output  resistance. 

The  input  resistance  of  the  amplifier  shown  in  the 
figure  is 

30  kn 


(A)  —  kQ 
4 

(C)  40  kQ 


(B)  10  kQ 
(D)  infinite 


The  first  and  the  last  critical  frequency  of  an  RC  - 
driving  point  impedance  function  must  respectively  be 

(A)  a  zero  and  a  pole 

(B)  a  zero  and  a  zero 

(C)  a  pole  and  a  pole 

(D)  a  pole  and  a  zero 

EB  The  cascode  amplifier  is  a  multistage  configuration 
of 

(A)  CC  -  CB  (B)  CE  -  CB 

(C)  CB  -  CC  (D)  CE  -  CC 

IT!1  Decimal  43  in  Hexadecimal  and  BCD  number 
system  is  respectively 

(A)  B2,  0100  011 

(B)  2B,  0100  0011 

(C)  2B,  0011  0100 
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I  HI  The  Boolean  function  f  implemented  in  the  figure 
using  two  input  multiplexes  is 


(A)  ABC  +  ABC 
(C)  ABC  +  ABC 


Fig.  Q19 

(B)  ABC  +  ABC 
(D)  ABC  +  ABC 


Which  of  the  following  can  be  impulse  response  of  a 
causal  system? 


(A) 


(B) 


hit ) 


hit) 


(C) 


(D) 


hit) 


hit) 


Let  x{n)=\  —  |  u(n),  y(n)  =  x  (n)  and  Y(eJ“')  be  the 


Fourier  transform  of  y(n)  then  Y(ej0)  is 

(B)  2 


(C)  4 


4 

(D)  - 
3 


Find  the  correct  match  between  group  1  and  group  2 
Group  1  Group  II 

P.  {1  +  km(t))Asin(wct)  W.  Phase  Modulation 

Q.  km(f)A  sin( u\t)  X.Frequency  Modulation 

R.  Asin(coc£  +  kmlt))  Y.  Amplitude  Modulation 

(A)  P-Z,  Q-Y,  R-X,  S-W  (B)  P-W,  Q-X,  R-Y,  S-Z 


(C)  P-X,  Q-W,  R-Z,  S-Y 


The 


power 


in 


the 


signal 


s(t)  =8cos|  20ti~—  |  +  4sin(157d)  is 


(A)  40 
(C)  42 


(B)  41 
(D)  82 


Which  of  the  following  analog  modulation  scheme 
requires  the  minimum  transmitted  power  and 
minimum  channel  bandwidth? 

(A)  VSB  (B)  DSB  -  SC 

(C)  SSB  (D)  AM 

23  A  linear  system  is  equivalently  represented  by  two 
sets  of  state  equations: 

X  =  AX  +  BU  And  W  =CW  +  DU 

The  eigenvalues  of  the  representations  are  also 
computed  as  [X]  and  [p].  Which  one  of  the  following 
statements  is  true? 


(A)  M  =  [p]  and  X  =W 
(C)  M*[p]  and  X  =  W 


(B)  M=[p]  and  A*  W 
(D)  m=[p]  and  A*  W 


Which  one  of  the  following  polar  diagrams 
corresponds  to  a  lag  network? 


(A) 


(B) 


Im 


Re 


(C) 


(D) 


Im 


Re 


(D)  P-Y,  Q-Z,  R-W,  S-X 
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Erl  Despite  the  presence  of  negative  feedback,  control 
systems  still  have  problems  of  instability  because  the 

(A)  Components  used  have  non-linearities 

(B)  Dynamic  equations  of  the  subsystem  are  not 
known  exactly. 

(C)  Mathematical  analysis  involves  approximations. 

(D)  System  has  large  negative  phase  angle  at  high 
frequencies. 
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Given  an  orthogonal  matrix 

1111 
1  1-1-1 
1-10  0 
0  0  1-1 


(A) 


(C) 


A  = 


[AAtT1  is 


"l 

4 

0 

0 

0" 

1 

2 

0 

0 

0" 

0 

1^ 

0 

0 

0 

0 

0 

4 

(B) 

2 

0 

0 

1 

2 

0 

0 

0 

1 

2 

0 

0 

0 

0 

1 

2  _ 

0 

0 

0 

1 

2  _ 

1 

0 

0 

0" 

"1 

4 

0 

0 

O' 

0 

1 

0 

0 

(D) 

0 

1^ 

0 

0 

4 

0 

0 

1 

0 

0 

0 

1 

4 

0 

0 

0 

0 

1 

0 

0 

0 

1 

4  _ 

(A)  5  V  and  2  Q  (B)  7.5  V  and  2.5  Q 

(C)  4  V  and  2  Q  (D)  3  V  and  2.5  Q 

If  Ra  =  R2  =  R3  =  R  and  R3  =  1.1  in  the  bridge 
circuit  shown  in  the  figure,  then  the  reading  in  the  ideal 
voltmeter  connected  between  a  and  b  is 


J  For  the  circuit  show  in  the  figure,  the  instantaneous 
current  iXt)  is 


5  0°  A 


10  60° A 


Fig.  Q38 

(A)  10V3  z90o  Amps.  (B)  90°  Amps. 


(C)  5Z60°  Amps  (D)  5Z  -  60°  Amps 

Impedance  Z  as  shown  in  the  given  figure  is 


j'5  Q 


j  20 


72  n 


(A)  j'29  n 
(C)  j'19  n 


Fig.  Q39 

(B)  7 9  Q 
(D)  j  39  Q 


For  the  circuit  shown  in  figure,  Thevenin’s  voltage 
and  Thevenin’s  equivalent  resistance  at  terminals  a  -  b 
is 


0.5^ 


10  V 


Fig.  Q40 


(A)  0.238  V 
(C)  -0.238  V 


(B)  0.138  V 
(D)  1  V. 


The  h  parameters  of  the  circuit  shown  in  the  figure 


are 


ion 

-AA/V- 


•  20  n 


(A) 

(C) 


0.1  0.1 
-0.1  0.3 

30  20 
20  20 


Fig.  Q42 
(B) 

(D) 


10  -T 
1  0.05 

10  1 
-1  0.05 


swl  A  square  pulse  of  3  volts  amplitude  is  applied  to  C-R 
circuit  shown  in  the  figure.  The  capacitor  is  initially 
uncharged.  The  output  voltage  V0  at  time  t  =  2  sec  is 

/,  0.1  nF  -J2  / 


3  V 


2  sec 


Vi  < 

> 1  kn  v2 

o - 

- 0 

(A)  3  V 
(C)  4  V 


Fig.  Q43 

(B)  -3  V 
(D)  -4  V 


m  A  Silicon  sample  A  is  doped  with  1018  atoms/cm3  of 
boron.  Another  sample  b  of  identical  dimension  is  doped 
with  1018  atoms/cm3  phosphorus.  The  ratio  of  electron  to 
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hole  mobility  is  3.  The  ratio  of  conductivity  of  the 


sample  A  to  B  is 

(A)  3 

8 

CO  |  I-1 

2 

3 

C)  - 

(D)  - 

3 

2 

A  Silicon  PN  junction  diode  under  reverse  bias  has 
depletion  region  of  width  10  pm.  The  relative 
permitivity  of  Silicon,  er  =11.7  and  the  preemptively  of 
free  space  z0  =  8.85  x  1CT12  F/m.  The  depletion 
capacitance  of  the  diode  per  square  meter  is 

(A)  100  pF  (B)  10  pF 

(C)  1  pF  (D)  20  pF 

For  an  npn  transistor  connected  as  shown  in  figure 
VBE  =  0.7  volts.  Given  that  reverse  saturation  current  of 
the  junction  at  room  temperature  300  K  is  10  13  A,  the 
emitter  current  is 


o 


Fig.  Q46 

(A)  30  mA  (B)  39  mA 

(C)  49  mA  (D)  20  mA 

m  The  voltage  e0  is  indicated  in  the  figure  has  been 
measured  by  an  ideal  voltmeter.  Which  of  the  following 
can  be  calculated  ? 


1  Mf! 


(A)  Bias  current  of  the  inverting  input  only 

(B)  Bias  current  of  the  inverting  and  non-inverting 
inputs  only 

(C)  Input  offset  current  only 

(D)  Both  the  bias  currents  and  the  input  offset 
current. 


The  OP-amp  circuit  shown  in  the  figure  is  filter.  The 
type  of  filter  and  its  cut.  Off  frequency  are  respectively. 


10  kn 


(A)  high  pass,  1000  rad/sec. 

(B)  Low  pass,  1000  rad/sec. 

(C)  high  pass,  1000  rad/sec. 

(D)  low  pass,  10000  rad/sec. 

In  an  ideal  differential  amplifier  shown  in  the 
figure,  a  large  value  of  (RE) 


(A)  increase  both  the  differential  and  common  -  mode 
gains 

(B)  increases  the  common  mode  gain  only 

(C)  decreases  the  differential  mode  gain  only 

(D)  decreases  the  common  mode  gain  only. 


liTfl  For  an  n-channel  MOSFET  and  its  transfer  curve 
shown  in  the  figure,  the  threshold  voltage  is 

Vd=5  V 

o 

G 


Transfer 

Characteristics 


V(j=l  v  °- 


(A)  1  V  and  the  device  is  in  active  region 

(B)  -1  V  and  the  device  is  in  saturation  region 

(C)  1  V  and  the  device  is  in  saturation  region 

(D)  -1  V  and  the  device  is  in  active  region. 
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^3  The  given  figure  shows  a  ripple  counter  using 
positive  edge  triggered  flip-flops.  If  the  present  state  of 
the  counter  is  Q2QiQ0  =001  then  its  next  state  Q2Q1Q 
will  be 


i  l  i 


Fig.  Q57 


(A)  010  (D)  100 

(B)  111  (D)  101 


^3  What  memory  address  range  is  NOT  represents 
by  chip  #  1  and  chip  #  2  in  the  figure  A0  to  A15  in  this 
figure  are  the  address  lines  and  CS  means  chip  select. 


Fig.  Q58 

(A)  0100  -  02FF.  (B)  1500  -  16FF 

(C)  F900-FAFF  (D)  F800  -  F9FF 

^3  The  output  y(t)  of  a  linear  time  invariant  system  is 
related  to  its  input  x(t)  by  the  following  equation 

y(t)  =0.5x0  -  td  +  T)  +  x(t  -  td)  +  0.5x0  —  td  +  T) 

The  filter  transfer  function  H(  to)  of  such  a  system 
is  given  by 

(A)  (1  +  cos  wT)e~Jatd  (B)  (1  +  0.5  cos  to  Tie'7”'" 

(C)  (1  -  cos  co Dejati  (D)  (1  -0.5  cos  to De'**' 


filll  Match  the  following  and  choose  the  correct 
combination. 

Group  1 

E.  Continuos  and  periodic  signal 

F.  Continuous  and  periodic  signal 

G.  Discrete  and  aperiodic  signal 

H.  Discrete  and  periodic  signal 

Group  2 

I.  Fourier  representation  is  continuous  and  aperiodic 

2.  Fourier  representation  is  discrete  and  aperiodic 

3.  Fourier  representation  is  continuous 

4.  Fourier  representation  is  discrete  and  periodic 

(A)  E-3,  F-2,  G-4,  H-l  (A)  E-l,  F-3,  G-2,  H-4 

(C)  E-l,  F-2,  G-3,  H-4  (D)  E-2,  F-l,  G-4,  H-3 


A  signal  x(n)  =sin(co0n  +  c|>)  is  the  input  to  a  linear 
time-  invariant  system  having  a  frequency  response 
JH(eJ“).  If  the  output  of  the  system  Ax(n-n0 )  then  the 
most  general  form  of  will  be 

(A)  -n0w0  +  p  for  any  arbitrary  real 

(B)  -n0w0  +  2 nk  for  any  arbitrary  integer  k 

(C)  n0w0  +  2nk  for  any  arbitrary  integer  k 

(D)  -n0w0ty 


^3  For  a  signal  the  Fourier  transform  is  X(  /')).  Then 
the  inverse  Fourier  transform  of  X(3f  +  2)  is  given  by 


(A)  -  xf  -V3"1 

(B)  -xf-V 

2  UJ 

3  v  3  J 

(C)  3x(3 t)e~J4nt 

(D)  x(3t  +  2) 

jAvt 

3 


The  polar  diagram  of  a  conditionally  stable  system 
for  open  loop  gain  K  =  1  is  shown  in  the  figure.  The  open 
loop  transfer  function  of  the  system  is  known  to  be 
stable.  The  closed  loop  system  is  stable  for 
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(A)  K  <5  and  -<K  <- 
2  8 

(C)  K  <-  and  5  <K 
8 


(B)  K  <-  and  —  <K  <5 
8  2 

(D)  K  >—  and  5  >K 
8 


't*!  In  the  derivation  of  expression  for  peak  percent 
overshoot 


A  ramp  input  applied  to  an  unity  feedback  system 
results  in  5%  steady  state  error.  The  type  number  and 
zero  frequency  gain  of  the  system  are  respectively 


(A)  1  and  20 

(C)  0  and  — 
20 


(B)0  and  20 

(D)  1  and  — 
20 


M  =exp 


\ 


x  100% 


Which  one  of  the  following  conditions  is  NOT 
required? 

(A)  System  is  linear  and  time  invariant 

(B)  The  system  transfer  function  has  a  pair  of 
complex  conjugate  poles  and  no  zeroes. 

(C)  There  is  no  transportation  delay  in  the  system. 

(D)  The  system  has  zero  initial  conditions. 


^3  Given  the  ideal  operational  amplifier  circuit  shown 
in  the  figure  indicate  the  correct  transfer  characteristics 
assuming  ideal  diodes  with  zero  cut-in  voltage. 


10  v 


33  A  double  integrator  plant  G(s)  =K/s2 ,  H(s )  =  1  is  to 
be  compensated  to  achieve  the  damping  ratio  and  and 
undamped  natural  frequency,  co  =  5  rad/s  which  one  of 
the  following  compensator  Ge(s)  will  be  suitable  ? 


(A) 

(C) 


s  +  9.9 
s  -  6 


8.33 


(B) 

(D) 


9.9 


s  +  3 
s-6 


An  unity  feedback  system  is  given  as 
K(l-s) 


G(s)=- 


s(s  +  3) 


Indicate  the  correct  root  locus  diagram. 


(A) 


(C) 


(A)  (B) 

Vj 


+10  V 

+10  V 

-8  V 

+5  V 

Vi  -5  V 

+8  V 

-10  V 

-10  V 

(C)  (D) 


f&il  A  MOS  capacitor  made  using  P  type  substrate  is  in 
the  accumulation  mode.  The  dominant  charge  in  the 
channel  is  due  to  the  presence  of 

(A)  holes 

(B)  electrons 

(C)  positively  charged  ions 

(D)  negatively  charged  ions 

FBI  A  device  with  input  x{t)  and  output  y(t)  is 
characterized  y(t)  =  xz(t).  An  FM  signal  with  frequency 
deviation  of  90  kHz  and  modulating  signal  bandwidth 
of  5  kHz  is  applied  to  this  device.  The  bandwidth  of  the 
output  signal  is 

(A)  370  kHz  (B)  190  kHz 

(C)  380  kHz  (C)  95  kHz 
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COMMON  DATA  QUESTION  78,  79,  80: 

Given,  rd  =20  kQ,  IDSS  =10  mA,  Vj,  =  -8  V 


20  V 


33  Z,  and  ZQ  of  the  circuit  are  respectively 

20 

(A)  2  MQ  and  2  kQ  (B)  2  MQ  and  —  kQ 

20 

(C)  oo  and  2  kQ  (D)  oo  and  —  kQ 

33  ID  and  VDS  under  DC  conditions  are  respectively 
(A)  5.625  mA  and  8.75  V  (B)  7.500  mA  and  5.00  V 

(C)  4.500  mA  and  11.00  V  (D)  6.250  mA  and  7.50  V 

HjJ  Transconductance  in  milli-Siemens  (mS)  and 
voltage  gain  of  the  amplifier  are  respectively 
(A)  1.875  mS  and  3.41  (B)  1.875  mS  and  -3.41 

(C)  3.3  mS  and  -6  (D)  3.3  mS  and  6 

Linked  Answer  Questions  :  Q.81a  to  85b  Carry 
Two  Marks  Each 

Statement  For  Linked  Answer  Questions  81a  and 
81b: 

Consider  an  8085  microprocessor  system. 

5TCT  The  following  program  starts  at  location  0100H. 

LXI  SP,  OOFF 

LXI  H,  0701 

MVI  A,  20H 

SUB  M 

The  content  of  accumulator  when  the  program 
counter  reaches  0109  H  is 
(A)  20  H  (B)  02  H 

(C)  00  H  (D)  FF  H 


If  in  addition  following  code  exists  from  019H 
onwards, 

ORI  40  H 
ADD  M 

What  will  be  the  result  in  the  accumulator  after 
the  last  instruction  is  executed? 

(A)  40  H  (B)  20  H 

(C)  60  H  (D)  42  H 

Statement  for  Linked  Answer  Question  82a  and 
82b: 

The  dopen  loop  transfer  function  of  a  unity 
feedback  system  is  given  by 

15^1  The  gain  and  phase  crossover  frequencies  in 
rad/sec  are,  respectively 

(A)  0.632  and  1.26  (B)  0.632  and  0.485 

(C)  0.485  and  0.632  (D)  1.26  and  0.632 

SETH  Based  on  the  above  results,  the  gain  and  phase 

margins  of  the  system  will  be 

(A)  -7.09  dB  and  87.5°  (B)  7.09  dBand  87.5° 

(C)  7.09  dB  and  -87.5°  (D)  -7.09  and  -87.5° 


Statement  for  linked  answer  question  83a  and  83b 

Asymmetric  three  -  level  midtread  quantizer  is  to 
be  designed  assuming  equiprobable  occurrence  of  all 
quantization  levels. 


13^  If  the  probability  density  function  is  divided  into 
three  regions  as  shown  in  the  figure,  the  value  of  a  in 
the  figure  is 

p(x) 


1 


Region  2 

Region  1 

Region  3 

— 

3  — 1  -a  al  3 


Fig.  Q83 


(A)  |  (B)  f 

(C)  f  (D)  \ 


3 .ill  The  quantization  noise  power  for  the  quantization 
region  between  -  a  and  +  a  in  the  figure  is 


CA)£ 

(C)& 


(B)  £ 

(D)£ 
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Statement  of  Linked  Answer  Questions  84a  and 
84b 

Voltage  standing  wave  pattern  in  a  lossless 
transmission  line  with  characteristic  impedance  50  and 
a  resistive  load  is  shown  in  the  figure. 

Viz) 


yW 


Fig.  Q84a  and  Q84b 

The  value  of  the  load  resistance  is 

(A)  50  Q  (B)  200  Q 

(C)  12.5  Q  (D)  0 

The  reflection  coefficient  is  given  by 
(A)  -0.6  (B)  -1 

(C)  0.6  (D)  0 

Statement  of  Linked  Answer  Question  85a  and 
85b: 

A  sequence  x  (n)  has  non-zero  values  as  shown  in 
the  figure. (A) 

x[n ] 


( 

e 

( 

> 

i  i 

• 

T 

■14 

T 

— • — • — • — • — l — 

— ' — • — • — • — •- 

-6  -5  -4  -3  -2  -1  0  1  2  3  4  5  6 

Fig.  Q85 


The  sequence 
y[n]  = 


x\  --1 


0 


for  n  even 
for  n  odd 

y[n] 


will  be 


(A) 


2  ( 

► 

( 

a 

( 

> 

T 

+4 

T 

— • — • — • — • — 1 — m — 

- • - 

- • - 

-6  -5  -4  -3  -2  -1  0  1  2  3  4  5  6 

yin ] 


(B) 


2  1 

> 

( 

i 

1 

( 

> 

T 

■14 

T 

• — • — m — 1 — m — 

— i 

> - 

- 9 - 

>  1  ♦ 

(C) 


i 

► 

2 

i 

> 

( 

a 

T 

14  • 

-1—9— 

- • — < 

1 — • - 

- • - ' - • - • - # - •- 

(D) 


-6  -5  -4-3-2-20123 

yln\ 

2 

1 


4  5  6 


-6  -5  -4  -3  -2  -1  0  1  2  3  4  5  6 

J3  The  Fourier  transform  of  y\2n]  will  be 

(A)  e-2-'01  [cos  4  ro  +  2  cos  2  <o  +  2  ] 

(B)  [cos  2ra  +  2  cos  (o  +  2] 

(C)  e“-/“[cos2(o  +  2cos  ro  +  2] 

(D)  e-2-'“[cos2(o  +  2cos  ro  +  2] 
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Q.l  to  carry  Q.20  one  marks  each  and  Q.21  to  Q.85 
carry  two  marks  each. 


^  The  rank  of  the  matrix 

(A)  0 
(C)  2 


1  1 

1  -1 

1  1 


1 

0 

1 


is 


(B)  1 

(D)  3 


3  V  x  V  x  P  Where  P  is  a  vector,  is  equal  to 
(A)PxVxP— V2P  (B)  V2P  + V(V  P) 

(C)V2P  +  VxP  (D)  V(V  -P)  - V2P 


SJjj(Vx  P)  ■  ds  where  P  is  a  vector,  is  equal  to 
(A)  j)P  ■  dl  (B)  j>  V  x  V  x  P  •  dl 

(OjWxPdl  (D)|V-P  dv 


3  A  probability  density  function  is  of  the  form 

p(x)  =  Ke~^x\  x  e  (-oo,  oo) 


(A)  e~2tu(t)  (B)  e2tu(t) 

(C)  e~‘u(t )  (D)  e‘u(t) 

'  !  A  low-pass  filter  having  a  frequency  response 
H(j«j)  =  A(a>)eJ‘K“>  does  not  produce  any  phase 
distortions  if 

(A)  A(co)  =  C( o2,  <t<co)  =  ka>3  (B)  A(co)  =  Cro2, 4>(co)  =  ka 

(C)  A(co)  =  Cco,  c|j( to)  =  /era2  (D)  Afro)  =  C,  (jjfra)  =  kof1 

3  The  values  of  voltage  (VD)  across  a  tunnel-diode 
corresponding  to  peak  and  valley  currents  are  Vp ,  VD 
respectively.  The  range  of  tunnel-diode  voltage  for 
Vj, which  the  slope  of  its  I  -  VD  characteristics  is 
negative  would  be 

(A)  Vn<0  (B)0<VD<Vp 

(C)  Vp<VD<  Vv  (D)  VD  >  V„ 

The  concentration  of  minority  carriers  in  an  extrinsic 
semiconductor  under  equilibrium  is 

(A)  Directly  proportional  to  the  doping  concentration 

(B)  Inversely  proportional  to  the  doping  concentration 

(C)  Directly  proportional  to  the  intrinsic  concentration 


The  value  of  K  is 
(A)  0.5  (B)  1 

(C)  0.5  (D)  a 

;  j  A  solution  for  the  differential  equation 
x(t)  +  2  x(t)  =  6 (t) 

With  initial  condition  x(O-)  =0 
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(D)  Inversely  proportional  to  the  intrinsic 
concentration 

3  Under  low  level  injection  assumption,  the  injected 
minority  carrier  current  for  an  extrinsic  semiconductor 
is  essentially  the 

(A)  Diffusion  current  (B)  Drift  current 

(C)  Recombination  current  (D)  Induced  current 
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ffil  The  phenomenon  known  as  “Early  Effect”  in  a 
bipolar  transistor  refers  to  a  reduction  of  the  effective 
base-width  caused  by 

(A)  Electron  -  Hole  recombination  at  the  base 

(B)  The  reverse  biasing  of  the  base  -  collector 
junction 

(C)  The  forward  biasing  of  emitter-base  junction 

(D)  The  early  removal  of  stored  base  charge  during 
saturation-to-cut  off  switching 


The  Dirac  delta  function  is  defined  as 
1  t=  0 
0  otherwise 


(A)  m  = 


(B)  m  = 


(C)  6 (t)  = 


(D)  5 (t)  = 


t=  0 

otherwise 
t=  0 

otherwise 
t=  0 

otherwise 


and  J  S(t)dt  =  1 

—oo 

00 

and  J  8 (t)dt  =  1 


m  The  input  impedance  (ZJ  and  the  output  impedance 
(Z0)  of  an  ideal  trans-conductance  (voltage  controlled 
current  source)  amplifier  are 

(A)  Z,  =0,  Z0  =0  (B)  Zt  =0,  Z0  =  oo 

(C)  Z,  =  oo,  Z0  =0  (D)  Zt  =oo,  Z0  =  oo 

m  An  n-channel  depletion  MOSFET  has  following  two 
points  on  its  ID  -  VGS  curve  : 


If  the  region  of  convergence  of  xjn]  +  x2[ri]  is 
1  2 

—  <  |z|  <  —  then  the  region  of  convergence  of  x,  f n  I  -  x2\n] 
includes 


(A)  -  <  z  <  3 
3  1  1 


(C)  -<H<3 

2  1  1 


(B)  -<z  <3 
3  1  1 

(D)  -<W<- 

3  11  3 


(i)  Vas  =0  at  ID  =12  mA  and 
(ii)  VGS  = -6  Volts  at  ID  =0  mA 

Which  of  the  following  Q  -  point  will  give  the 
highest  trans  -  conductance  gain  for  small  signals? 


EH  The  open-loop  function  of  a  unity-gain  feedback 
control  system  is  given  by 


G(s)  = 


K 

(s  +  l)(s  +  2) 


(A)  VGS  =  -6  Volts  (B)  VGS  =  -3  Volts 

(C)  VGS  =0  Volts  (D)  VGS  =  3  Volts 


The  number  of  product  terms  in  the  minimized 
sum-of-product  expression  obtained  through  the 
following  K  -  map  is  (where,  “d”  denotes  don’t  care 
states) 


(A)  2 
(C)  4 


1 

0 

0 

1 

0 

d 

0 

0 

0 

0 

d 

1 

1 

0 

0 

1 

(B)  3 

(D)  5 


The  gain  margin  of  the  system  in  dB  is  given  by 
(A)  0  (B)  1 

(C)  20  (D) 


E0  In  the  system  shown  below,  x(t)  =(sin  t)u(t)  In 
steady-state,  the  response  y(t)  will  be 


x(t) 

1 

y(t ) 

s  +  1 

Fig  Q.  18 


(A)  (B)^siV+i) 

(C)^e“‘sin^  (D)sini-cos^ 

V2 


The  electric  field  of  an  electromagnetic  wave 
propagation  in  the  positive  direction  is  given  by 


m  Let  x(t)  <->  X(  j(D)  be  Fourier  Transform  pair.  The 
Fourier  Transform  of  the  signal  x(5 1  -  3)  in  terms  of 
X(  yea)  is  given  as 


E  =ax  sin(ffd  -  pz)  +  ay  sin(a>^  -  Pz  +  n/2) 
The  wave  is 

(A)  Linearly  polarized  in  the  z-direction 

(B)  Elliptically  polarized 

(C)  Left-hand  circularly  polarized 

(D)  Right-hand  circularly  polarized 
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A  two-port  network  is  represented  by  ABCD, 
parameters  given  by 


"A 

B 

' v2~ 

h_ 

C 

D 

rh_ 

If  port  —  2  is  terminated  by  the  input  impedance 
seen  at  port  -  1  is  given  by 


(A)  A  +  BRl 

(B) 

C  +  DR L 

(C)  BRl  +  A 

(D) 

C  +  BR, 

ARl  +  C 
BRl  +  D 

A Rl  +  B 
D  +  CRl 


£T1  In  the  two  port  network  shown  in  the  figure  below 
z12  and  z21  are  respectively 


^2 


Fig  Q.31 


(A)  re  and  []ro  (B)  0  and  H3r0 

(C)  0  and  pr0  (D)  re  and  -p r0 

The  first  and  the  last  critical  frequencies 
(singularities)  of  a  driving  point  impedance  function  of  a 
passive  network  having  two  kinds  of  elements,  are  a 
pole  and  a  zero  respectively.  The  above  property  will  be 
satisfied  by 

(A)  RL  network  only 

(B)  RC  network  only 

(C)  LC  network  only 

(D)  RC  as  well  as  RL  networks 

HI  A  2  mH  inductor  with  some  initial  current  can  be 
represented  as  shown  below,  where  s  is  the  Lap  lace 
Transform  variable.  The  value  of  initial  current  is 


(A)  0.5A  (B)  2.0A 

(C)  1.0  A  (D)  0.0  A 


ETI  In  the  figures  shown  below,  assume  that  all  the 
capacitors  are  initially  uncharged.  If  v^t)  =10 u(t)  Volts, 
v„(t) is  given  by 


1  k 


(A)  8e“0  004'  Volts  (B)  8(1  -  e-0  004J)  Volts 

(C)  8 u(t)  Volts  (D)  8  Volts 


Consider  two  transfer  functions 

— - And  GJs )  =  - 


G,(s)  =  - 

s  +  an  +  o  n  +  an  +  o 

The  3-dB  bandwidths  of  their  frequency  responses 
are,  respectively 

(A)  Va2  -4 6,  ^ la 2  +  4 6  (B)  Va2  +  46,  Va2  -46 

(C)  Va2  -46,  Va2  -46  (D)  Va2  +  46,  Va2  +  46 


STS1  A  negative  resistance  Rneg  is  connected  to  a  passive 
network  N  having  driving  point  impedance  Z,(s)  as 
shown  below.  For  Z2(s)  to  be  positive  real, 

Rneg 

o - vw 


N 


Z2(s)  Zi(s) 

Fig  Q.36 


(A)  \Rneg\  ^ReZ^jco),  Vco  (B)  |j?^|  <  |Z10‘co)|,  Vco 

(C)  \Rneg\  ^ImZjlycn),  Vro  (D)  \Rneg\  <  ZZ^jw),  Vtn 

In  the  circuit  shown  below,  the  switch  was 
connected  to  position  1  at  t  <  0  and  at  t  =0,  it  is  changed 
to  position  2.  Assume  that  the  diode  has  zero  voltage 
drop  and  a  storage  time  ts  .  For  0  <  t  <  ts,  vR  is  given  by 
(all  in  Volts) 

l 
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(A)  vR  =  -5  (B)vr=+5 

(C)  0  <vR  <5  (D)  -5  <vR  <0 

5THI  The  majority  carriers  in  an  n-type  semiconductor 
have  an  average  drift  velocity  v  in  a  direction 
perpendicular  to  a  uniform  magnetic  field  B.  The 
electric  field  E  induced  due  to  Hall  effect  acts  in  the 
direction. 

(A)  v  x  B  (B)  B  x  v 

(C)  along  v  (D)  opposite  to  v 


ET5I  Find  the  correct  match  between  Group  1  and  Group 
2. 


Group  1 

E-Varactor  diode 
F-PIN  diode 
G-Zener  diode 
H-Schottky  diode 


Group  2 

1- Voltage  reference 

2- High  frequency  switch 

3- Tuned  circuits 

4- Current  controlled  attenuator 


(A)  E-4,  F-2,  G-l,  H-3  (B)  E-2,  F-4,  G-l,  H-3 

(C)  E-3,  F-4,  G-l,  H-2  (D)  E-l,  F-3,  G-2,  H-4 


A  heavily  doped  n- 
following  data: 
Hole-electron  ratio 
Doping  concentration 
Intrinsic  concentration 


type  semiconductor  has  the 
:0.4 

:4 2  x  10s  atoms/m3 
:1.5  x  104  atoms/m3 


The  ratio  of  conductance  of  the  n-type 
semiconductor  to  that  of  the  intrinsic  semiconductor  of 
same  material  and  ate  same  temperature  is  given  by 
(A)  0.00005  (B)  2,000 

(C)  10,000  (D)  20,000 


m  For  the  circuit  shown  in  the  following  figure,  the 
capacitor  C  is  initially  uncharged.  At  t  =  0  the  switch  S 
is  closed.  In  the  figures  shown  the  OP  AMP  is  supplied 
with  and  the  ground  has  been  shown  by  the  symbol 


The  voltage  Vc  across  the  capacitor  at  t  =  1  is 
(A)  0  Volt  (B)  6.3  Volts 

(C)  9.45  Volts  (D)  10  Volts 


[¥£  For  the  circuit  shown  below,  assume  that  the  zener 
diode  is  ideal  with  a  breakdown  voltage  of  6  volts.  The 
waveform  observed  across  R  is 

6  V 

- f< - - 0 


(A) 


12sin  co£ 


e 


Fig  Q.42 
6  V 


6  V 


(B) 


12  V 


(D) 


-6  V 


iff  43  A  new  Binary  Coded  Pentary  (BCP)  number 
system  is  proposed  in  which  every  digit  of  a  base-5 
number  is  represented  by  its  corresponding  3-bit 
binary  code.  For  example,  the  base-5  number  24  will  be 
represented  by  its  BCP  code  010100.  In  this  numbering 
system,  the  BCP  code  10001001101  corresponds  of  the 
following  number  is  base-5  system 

(A)  423  (B)  1324 

(C)  2201  (D)  4231 
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m  An  I/O  peripheral  device  shown  in  Fig.(b)  below  is 
to  be  interfaced  to  an  8085  microprocessor.  To  select  the 
I/O  device  in  the  I/O  address  range  D4  H  -  D7  H,  its 
chip-select  (CS)  should  be  connected  to  the  output  of 
the  decoder  shown  in  as  below: 


A,  - 


D0 

_  data  , 

LSB  D1 

d2 

—  IORD - ► 

3-to-8  Z>3 

—  IOWR - ► 

I/O 

Decoder  2)4 

Peripheral 

db 

MSB  De 

Ao - 

Z)7 

A7  — 

a6— 

As  — 


CS 


(A)  output  7 
(C)  output  2 


Fig  Q.44 

(B)  output  5 
(D)  output  0 


O  For  the  circuit  shown  in  figures  below,  two  4  -  bit 
parallel  -  in  serial  -  out  shift  registers  loaded  with  the 
data  shown  are  used  to  feed  the  data  to  a  full  adder. 
Initially,  all  the  flip  -  flops  are  in  clear  state.  After 
applying  two  clock  pulses,  the  outputs  of  the  full-adder 
should  be 


CLK 

Fig  Q.45 


(A)  S=0  C0  =0  (B)  S  =  0  C0  =1 

(C)  S=1  C0  =0  (D)  S=1  C0  =1 


(A) 


(B) 


sw  Two  D  -  flip  -  flops,  as  shown  below,  are  to  be 
connected  as  a  synchronous  counter  that  goes  through 
the  following  sequence 

00  ->  01  ->  11  10  00  ... 


D0  Qo 

D1  Qi 

Clock  — < 

>CK 

>CK 

<?o 

Qi 

Fig  Q.47 


The  inputs  D0  and  D1  respectively  should  be 
connected  as, 

(A)  Q1  and  Q0  (B)  Q0  and 

(C)  QtQo  and  Q]Q0  (D)  Q1  Q0  and  QjQo 


Following  is  the  segment  of  a  8085  assembly 
language  program 

LXI  SP,  EFFF  H 
CALL  3000  H 


3000  H  LXI  H,  3CF4 

PUSH  PSW 
SPHL 
POP  PSW 
RET 


A  4  -  bit  D  /  A  converter  is  connected  to  a  free  - 
running  3  -  big  UP  counter,  as  shown  in  the  following 
figure.  Which  of  the  following  waveforms  will  be 


On  completion  of  RET  execution,  the  contents  of 

SP  is 

(A)  3CF0  H  (B)  3CF8  H 

(C)  EFFD  H  (D)  EFFF  H 

?Ttl  The  point  P  in  the  following  figure  is  stuck  at  1. 
The  output  f  will  be 
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(A) 


n 

2 


(C)  RC<  — 

®c 


(D)  RC>  — 


(C)  T  (D)  £ 

4  6 

A  linear  system  is  described  by  the  following  state 
equation 

X(t)  =AX(t)  +  BU(t),  A=  °1  q 
The  state  transition  matrix  of  the  system  is 


(A) 

cos  t 

sin  t 

(B) 

-cos  t 

sin  t 

-sin  t 

cos  t 

-sin  t 

-cos  t 

(C) 

-cos  t 

-sin  t 

(D) 

-cos  t 

-sin  t 

-sin  t 

cos  t 

cos  t 

sin  t 

'ifll  The  minimum  step-  size  required  for  a  Delta  - 
Modulator  operating  at  32  K  ,  samples/sec  to  track  the 
signal  (here  u{t)  is  the  unit  function) 

x(t)  =  125 t(u(t)  -  u(t  - 1)(250  - 125 t)(u(t  - 1)  -  u{t  -  2)) 

So  that  slope  overload  is  avoided,  would  be 

(A)  2~10  (B)  2“8 

(C)  2“6  (D)  2'4 

A  zero  mean  white  Gaussian  noise  is  passed 
through  an  ideal  lowpass  filter  of  bandwidth  10  kHz. 
The  output  is  then  uniformly  sampled  with  sampling 
period  ts  =0.03  msec.  The  samples  so  obtained  would  be 
(A)  correlated  (B)  statistically  independent 

(C)  uncorrelated  (E)  orthogonal 

A  source  generates  three  symbols  with  probabilities 
0.25,  0.25,  0.50  at  a  rate  of  3000  symbols  per  second. 
Assuming  independent  generation  of  symbols,  the  most 
efficient  source  encoder  would  have  average  bit  rate  as 
(A)  6000  bits/sec  (B)  4500  bits/sec 

(C)  3000  bits/sec  (D)  1500  bits/sec 

J  ’  J  The  diagonal  clipping  in  Amplitude  Demodulation 
(using  envelope  detector)  can  be  avoided  if  RC  time  - 
constant  of  the  envelope  detector  satisfies  the  following 
condition,  (here  W  is  message  bandwidth  and  k>c  is 
carrier  frequency  both  in  rad  /sec) 

(A)  RC  <  —  (B)  RC  >  — 


lt?l  In  the  following  figure  the  minimum  value  of  the 
constant  “C”  ,  which  is  to  be  added  to  y,(Z)  and  y2(t) 
such  that  y,(Z)  and  y,2(t)  and  are  different,  is 

Q  is  quantizer  with  L  levels, 
stepwise  A  allowable  signal 
dynamic  range  [-V,  V] 


C 

Fig  Q.64 


(A)  A 


(B) 

(D) 


A 

2 

A 

L 


A  message  signal  with  10  kHz  bandwidth  is  lower 
side  Band  SSB  modulated  with  carrier  fcl  =  106  Hz 
frequency  the  resulting  signal  is  then  passed  through  a 
Narow  Band  Frequency  Modulator  with  carrier 
frequency  fc2  =  109  Hz.  The  bandwidth  of  the  output 
would  be 

(A)  4  x  104  Hz  (B)  2  x  106  Hz 

(C)  2  x  109  Hz  (D)  2  x  1010  Hz 


:  A  medium  of  relative  permitivity  er2  =  2  forms  an 
interface  with  free  -  space.  A  point  source  of 
electromagnetic  energy  is  located  in  the  medium  at  a 
depth  of  1  meter  from  the  interface.  Due  to  the  total 
internal  reflection,  the  transmitted  beam  has  a  circular 
cross-section  over  the  interface.  The  area  of  the  beam 
cross-section  at  the  interface  is  given  by 
(A)  27i  m2  (B)  7t2  m2 

(C)  f  m2  (D)  7i  m2 


A  medium  is  divide  into  regions  I  and  II  about  x  =  0 
plane,  as  shown  in  the  figure  below.  An  electromagnetic 
wave  with  electric  field  E1  =  4ax  +  3 dy  +  5a2  is  incident 
normally  on  the  interface  from  region  I.  The  electric  file 
E2  in  region  II  at  the  interface  is 


Region  I  Region  II 


|i2=m, 

erl=4  er2=4 

a,=0  a2=0 


Ex - * - 

3C<0  x  =  0  x  >  0 

Fig  Q.67 


E2 
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(A)  E2  =  E1  (B)  4 ax  +  0.75 dy  -  1.25d2 

(C)  3d,  +  2>ay  +  5 az  (D)  -3d,  +  3dy  +  5 d2 

When  a  planes  wave  traveling  in  free-space  is 
incident  normally  on  a  medium  having  the  fraction  of 
power  transmitted  into  the  medium  is  given  by 
(A)  8/9  (B)  1/2 

(C)  1/3  (D)  5/6 

A  rectangular  wave  guide  having  TE10  mode  as 
dominant  mode  is  having  a  cut  off  frequency  18-GHz 
for  the  mode  TE30.  The  inner  broad  -  wall  dimension  of 
the  rectangular  wave  guide  is 
(A)  5/3cms  (B)  5  cms 

(C)  5/2  cms  (D)  10  cms 

EZil  A  mast  antenna  consisting  of  a  50  meter  long 
vertical  conductor  operates  over  a  perfectly  conducting 
ground  plane.  It  is  base-fed  at  a  frequency  of  600  kHz. 
The  radiation  resistance  of  the  antenna  in  Ohms  is 


(*>*■ 

(B)  4 

5 

5 

4tt2 

C  — 

(D)  20  re' 

5 

Common  Data  for  Question  71,72,73: 

In  the  transistor  amplifier  circuit  show  in  the 
figure  below,  the  transistor  has  the  following 
parameters: 

Pflc  =  60,  VBE  =0.7  V,  hie  ->  co,  hf,  ->  oo 

The  capacitance  can  be  assumed  to  be  infinite. 

12  V 


m  Under  the  DC  conditions,  the  collector  -  to-  emitter 
voltage  drop  is 

(A)  4.8  Volts  (B)  5.3  Volts 

(C)  6.0  Volts  (D)  6.6  Volts 
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T& 1  If  \inc  is  increase  by  10%,  the  collector  -  to-  emitter 
voltage  drop 

(A)  increases  by  less  than  or  equal  to  10% 

(B)  decreases  by  less  than  or  equal  to  10% 

(C)  increases  by  more  than  10% 

(D)  decreases  by  more  than  10% 

The  small  signal  gain  of  the  amplifier  vj vs  is 
(A)  10  (B)  -5.3 

(C)  5.3  (D)  10 

Common  Data  for  Question  74,  75  : 

Let  git)  =  pit)*  pit)  where  *  denotes  convolution 
and  pit)  =  u{t)  -  u(t  - 1)  with  u(t)  being  the  unit  step 
function. 

m  The  impulse  response  of  filter  matched  to  the  signal 
s(t)  =g( t)-d)t  -2)*  git)  is  given  as: 

(A)  s(l-0  (B)-s(l-t) 

(C)  -sit)  (D)  sit) 

An  Amplitude  Modulated  signal  is  given  as 
Xjm  =100ipit)  +0.5 gU))  cos  coct 

In  the  interval.  One  set  of  possible  values  of  the 
modulating  signal  and  modulation  index  would  be 
(A)  t,  0.5  (B)  t,  1.0 

(C)  t,  2.0  (D)  t\  0.5 

Linked  Answer  Question  :  Q.75  to  Q.85  carry  two 
marks  each. 

Statement  of  Linked  Answer  Question  76  &  77: 

A  regulated  power  supply,  shown  in  figure  below, 
has  an  unregulated  input  (UR)  of  15  volts  and 
generates  a  regulated  output  Use  the  component  values 
shown  in  the  figure. 


Q  i 
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take  400  ps  for  an  electromagnetic  wave  to  travel  from 
source  end  to  load  end  and  vice  -  versa.  At  t  =  400  ps, 
the  voltage  at  the  load  end  is  found  to  be  40  volts. 

The  load  resistance  is 
(A)  25  Ohms  (B)  50  Ohms 

(C)  75  Ohms  (D)  100  Ohms 

The  steady  state  current  through  the  load 
resistance  is 

(A)  1.2  Amps  (B)  0.3  Amps 

(C)  0.6  Amps  (D)  0.4  Amps 
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Q.l  -  Q.  20  carry  one  mark  each. 


3  The  order  of  the  differential  equation 


dr 2 


dy 

dt 


(A)  1 
(C)  3 


4  -1  • 

y  =e  is 


(B)  2 
(D)  4 


3  The  Fourier  series  of  a  real  periodic  function  has  only 

P.  Cosine  terms  if  it  is  even 

Q.  sine  terms  if  it  is  even 

R.  cosine  terms  if  it  is  odd 

S.  sine  terms  if  it  is  odd 

Which  of  the  above  statements  are  correct? 

(A)  P  and  S  (B)  P  and  R 

(C)  Q  and  S  (D)  Q  and  R 


]  A  function  is  given  by  fit)  =sin2 1  +  cos 2t.  Which  of 
the  following  is  true  ? 

(A)  f  has  frequency  components  at  0  and  1  /  2  tt  I  Iz 

(B)  f  has  frequency  components  at  0  and  1  /  n  Hz 

(C)  f  has  frequency  components  at  1  /  2  tc  and  1  /  tt  I  Iz 

(D)  f  has  frequency  components  at  0.1/2 n  and  1/  jiHz 


t 

(A)  220  J  (B)  12  kJ 

(C)  13.2  kJ  (D)  14.4  kJ 

In  an  n-type  silicon  crystal  at  room  temperature, 
which  of  the  following  can  have  a  concentration  of 
4  x  1019cm'3 4? 

(A)  Silicon  atoms  (B)  Holes 

(C)  Dopant  atoms  (D)  Valence  electrons 

3  The  full  forms  of  the  abbreviations  TTL  and  CMOS  in 
reference  to  logic  families  are 

(A)  Triple  Transistor  Logic  and  Chip  Metal  Oxide 
Semiconductor 

(B)  Tristate  Transistor  Logic  and  Chip  Metal  Oxide 
Semiconductor 

(C)  Transistor  Transistor  Logic  and  Complementary 
Metal  Oxide  Semiconductor 

(D)  Tristate  Transistor  Logic  and  Complementary 
Metal  Oxide  Silicon 


]  A  fully  charged  mobile  phone  with  a  12  V  battery  is 
good  for  a  10  minute  talk-time.  Assume  that,  during  the 
talk-time,  the  battery  delivers  a  constant  current  of  2  A 
and  its  voltage  drops  linearly  from  12  V  to  10  V  as 
shown  in  the  figure.  How  much  energy  does  the  battery 
deliver  during  this  talk-time  ? 


2  The  ROC  of  Z-transform  of  the  discrete  time  sequence 


x(n)  = 


(A) 


<  z  <  - 


u(n)  - 

1 


u{-n  - 1)  is 


(B)  Izl  >- 
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(C)  \z\  <  —  (D)  2  <  lari  <  3 

i  3  ii 

|  The  magnitude  plot  of  a  rational  transfer  function 
G(s)  with  real  coefficients  is  shown  below.  Which  of  the 
following  compensators  has  such  a  magnitude  plot  ? 


(A)  Lead  compensator 

(B)  Lag  compensator 

(C)  PID  compensator! 

(D)  Lead-lag  compensator 


m  A  fair  coin  is  tossed  10  times.  What  is  the 
probability  that  ONLY  the  first  two  tosses  will  yield 
heads  ? 


(A,  fit 

(B) 

10c/-T 

LJ 

\2) 

z'  -  \10 

(C)  f  ] 

(D) 

10  cl 11 

\2  J 

m  If  the  power  spectral  density  of  stationary  random 
process  is  a  sine-squared  function  of  frequency,  the 
shape  of  its  autocorrelation  is 


J  A  white  noise  process  X(t)  with  two-sided  power 
spectral  density  1  x  10-10  W/Hz  is  input  to  a  filter  whose 
magnitude  squared  response  is  shown  below. 


The  power  of  the  output  process  Y(t)  is  given  by 

(A)  5  x  1CT7  W  (B)  1  x  10-6  W 

(C)  2  x  1(T6  W  (D)lxlCT5W 

fCT  Which  of  the  following  statements  is  true  regarding 
the  fundamental  mode  of  the  metallic  waveguides 
shown  ? 

0  0 
.P:  Coaxial  Q:  Cylindrical 


R:  Rectangular 


(A)  Only  P  has  no  cutoff-frequency 

(B)  Only  Q  has  no  cutoff-frequency 

(C)  Only  R  has  no  cutoff-frequency 

(D)  All  three  have  cut-off  frequencies 


(C) 

r 

■  R(  T) 

(D) 

‘  RM 

v  . 

T  "  V 

FBI  If  f(z)  =  c0  +  qz  1 ,  then  |  ^Z>dz  is  given  by 

unit  circle 

(A)  2nc1  (B)27t(l  +  c0) 

(C)  27ij'q  (D)  2tij(1  +  c0) 

EES  In  the  interconnection  of  ideal  sources  shown  in  the 
figure,  it  is  known  that  the  60  V  source  is  absorbing 
power. 

Which  of  the  following  can  be  the  value  of  the 
current  source  I  ? 


(A)  10  A  (B)  13  A 

(C)  15  A  (D)  18  A 

FBI  The  ratio  of  the  mobility  to  the  diffusion  coefficient 
in  a  semiconductor  has  the  units 
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(A)  y-1  (B)cm.y-‘ 

(C)  y.cm'1  (D)  y.s 

In  a  microprocessor,  the  service  routine  for  a  certain 
interrupt  starts  from  a  fixed  location  of  memory  which 
cannot  be  externally  set,  but  the  interrupt  can  be 
delayed  or  rejected  Such  an  interrupt  is 

(A)  non-maskable  and  non-vectored 

(B)  maskable  and  non-vectored 

(C)  non-maskable  and  vectored 

(D)  maskable  and  vectored 


EH  If  the  transfer  function  of  the  following  network  is 

y  (si  i 

— —  = - the  value  of  the  load  resistance  R,  is 

VXs)  2  +  sCR  L 


R 


:j  dx 

lEl  Consider  the  system  —  =  Ax  +  Bu  with  A  = 


dt 


1  0 
0  1 


and  B  = 


P 
Q . 


where  p  and  q  are  arbitrary  real  numbers. 


Which  of  the  following  statements  about  the 
controllability  of  the  system  is  true  ? 

(A)  The  system  is  completely  state  controllable  for 
any  nonzero  values  of  p  and  q 

(B)  Only  p=  0  and  q  =  0  result  in  controllability 

(C)  The  system  is  uncontrollable  for  all  values  of  p 
and  q 

(D)  We  cannot  conclude  about  controllability  from  the 
given  data 


For  a  message  signal  m(t)  =cos(2n fmt)  and  carrier  of 
frequency  fc,  which  of  the  following  represents  a  single 
side-band  (SSB)  signal  ? 

(A)  cos(2  nfm  t)  cos(2  n fct) 

(B)  cos(2  nfct) 

(C)  cos[2ti (fe+fm)t] 

(D)  [1  +  cos(2nfmt) cos(2nfc £)] 


Two  infinitely  long  wires  carrying  current  are  as 
shown  in  the  figure  below.  One  wire  is  in  the  y  -  z  plane 
and  parallel  to  the  y  -axis.  The  other  wire  is  in  the  x-y 
plane  and  parallel  to  the  x  -axis.  Which  components  of 
the  resulting  magnetic  field  are  non-zero  at  the  origin  ? 


(A)  x,y,z  components  (B)  x,y  components 

(C)  y,z  components  (D)  x,z  components 


Q.  21  to  Q.  60  carry  two  marks  each. 


Consider  two  independent  random  variables  X  and 

Y  with  identical  distributions.  The  variables  X  and  Y 

take  values  0,  1  and  2  with  probabilities  — ,  —  and  — 

2  4  4 

respectively.  What  is  the  conditional  probability 
PiX  +  Y  =2\X-Y  =0)  ? 

(A)  0  (B)  — 

16 

(C)  -  (D)  1 

6 


I  The  Taylor  series  expansion  of 


sin  x 


x  -  71 


at  x  =  7i  is  given 


by 

(A)  1  + 

(C)  1- 


{X  -  Tt)2 

3! 

(X  -  Tt) 2 

3! 


(B)  -1- 
(D)  -1  + 


(x  -  n)2 
3! 

{x  -  n)2 
3!~ 


+... 


+... 


If  a  vector  field  V  is  related  to  another  vector  field  A 
through  y  =  V  x  A,  which  of  the  following  is  true?  Note  : 
C  and  Sc  refer  to  any  closed  contour  and  any  surface 
whose  boundary  is  C. 

(A)  £y. dl  =  J|  A. dS  (B)  |  A. dl  =  jj  V. dS 

sc  c  sc 

(C)  £v  X  V.dl  =  JJv  X  A.dS  (D)  ji  V  x  A.dl  =JJV.dS 

sc  c  sc 
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Given  that  F(s)  is  the  one-sided  Laplace  transform 
of  f(t),  the  Laplace  transform  of  £  f(x)dx  is 

(A)  sF(s)  -  m  (B)-F(s) 

s 

(oj>(T)dT  (D)  hF(S)-fm 


HU  Match  each  differential  equation  in  Group  I  to  its 
family  of  solution  curves  from  Group  II. 


Group  1 

Group  II 

p. 

dy  _y 
dx  x 

1.  Circles 

Q. 

dy  __y 
dx  x 

2.  Straight  lines 

R. 

dy  x 
dx  y 

3.  Hyperbolas 

S. 

dy  x 

dx  y 

(A)  P -2,Q  -  3,  R- 3,  S-l 

(B)  P  -1,Q  -3,R  -2,S  -1 

(C)  P  -  2,  Q  - 1,  i?  -  3,  S  -  3 

(D)  P-3,Q  -  2,  R  -1,S  -  2 


^3  The  eigen  values  of  the  following  matrix  are 

'-1  3  5' 

-3  -1  6 
0  0  3 


(A)  3,  3  +  5  y,  6  -j 
(C)  3  +  j,  3-y,  5  +  y 


(B)  -6  +  5 j,  3  +  7,  3-j 
(D)  3,  -1  +  3 y,  -1-37 


An  AC  source  of  RMS  voltage  20  V  with  internal 
impedance  Z,  =(1  +  2  j )Q  feeds  a  load  of  impedance 
ZL  =  (7  +  4  y)Q  in  the  figure  below.  The  reactive  power 
consumed  by  the  load  is 


Z,  =  (1  +  2  jXi 


=  (7  +  47P 


(A)  8  VAR  (B)  16  VAR  I 

(C)  28  VAR  (D)  32  VAR 


i  The  switch  in  the  circuit  shown  was  on  position  a 
for  a  long  time,  and  is  move  to  position  b  at  time  t  =  0. 
The  current  i(t)  for  t  >0  is  given  by 


(C)  0 2e-1250tu(t)  mA  (D)  20e-1000,«G)  mA 

In  the  circuit  shown,  what  value  of  R,  maximizes 
the  power  delivered  to  RL  ? 


The  time  domain  behavior  of  an  RL  circuit  is 
represented  by 

L  —  +  Ri=  V0(l  +  Be~Rt,L  sin  t)u{t). 
cLt 


y 

For  an  initial  current  of  i( 0)  =  — ,  the  steady  state 

R 

value  of  the  current  is  given  by 


(A)  m  ->  ^ 

R 

(o  m^^-a+B) 

R 


(B)  i{t)  ^ 
(D)  i(t)  -+ 


2Vn 


R 

2V, 


R 


^(1 +  B) 


■iTW  In  the  circuit  below,  the  diode  is  ideal.  The  voltage  V 
is  given  by 


+  V  - 


(A)  minCVj,!)  (B)  maxfVjl) 

(C)  min(-V’,l)  (C)  maxl-V,,!) 
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(A)  NAND:  first  (0,1)  then  (0,1)  NOR:  first  (1,0)  then 

(0,0) 

(B)  NAND:  first  (1,0)  then  (1,0)  NOR:  first  (1,0)  then 

(1,0) 

(C)  NAND:  first  (1,0)  then  (1,0)  NOR:  first  (1,0)  then 

(0,0) 

(D)  NAND:  first  (1,0)  then  (1,1)  NOR:  first  (0,1)  then 

(0,1) 


A)  Causal,  LP  (B)  BIBO,  LTI 

(C)  BIBO,  Causal,  LTI  (D)  LP,  LTI 


5T51  What  are  the  counting  states  (Q17Q2)  for  the  counter 
shown  in  the  figure  below? 


(A)  11,  10,  00,  11,  10,...  (B)  01,  10,  11,  00,  01,... 

(C)  00,  11,  01,  10,  00,...  (D)  01,  10,  00,  01,  10,... 

^3  A  system  with  transfer  function  H(z)  has  impulse 
response  h(.)  defined  as  h(2)  =  1,  h{ 3)  =  —  1  and  hikj  =0 
otherwise.  Consider  the  following  statements. 

SI:  H(z)  is  a  low-pass  filter. 

S2:  H(z)  is  an  FIR  filter. 

Which  of  the  following  is  correct? 

(A)  Only  S2  is  true 

(B)  Both  SI  and  S2  are  false 

(C)  Both  SI  and  S2  are  true,  and  S2  is  a  reason  for 
SI 

(D)  Both  SI  and  S2  are  true,  but  S2  is  not  a  reason 
for  SI 

m  Consider  a  system  whose  input  x  and  output  y  are 
related  by  the  equation 

y(t)=  [  x{t  -  x)h{2x)dx 

J— 00 


The  4-point  Discrete  Fourier  Transform  (DFT)  of  a 
discrete  time  sequence  {1,0,2,31  is 
(A)  [0,-2+2j,2,-2-2j]  (B)  [2,2+2j,6,2-2j] 

(C)  [6,l-3j,2,l+3j]  (D)  [6-l+3j,0,-l,-3j] 

!U  The  feedback  configuration  and  the  pole-zero 
s2  -2s  +  2 

locations  of  G(s)  =  — - are  shown  below.  The  root 

s2  +2s  +  2 

locus  for  negative  values  of  k,  i.e.  for  -oo  <  k  <  0,  has 
breakaway/break-in  points  and  angle  of  departure  at 
pole  P  (with  respect  to  the  positive  real  axis)  equal  to 


Im  (s) 

O 

X 

— V 

k 

G(s) 

Re  (s) 

Q 

P 

(A)  ±V2  and  0°  (B)  ±V2  and  45° 

(C)  +V3  and  0°  (D)  +V3  and  45° 

__  s2  +  1 

C  An  LTI  system  having  transfer  function  — - 

S  T  2s  +  1 

and  input  x(t)  =  sinf t  +  1)  is  in  steady  state.  The  output 
is  sampled  at  a  rate  cos  rad/s  to  obtain  the  final  output 
\x(k)}.  Which  of  the  following  is  true? 

(A)  y(.)  is  zero  for  all  sampling  frequencies  ros 

(B)  y(.)  is  nonzero  for  all  sampling  frequencies  cos 

(C)  y(.)  is  nonzero  for  cos  >2,  but  zero  for  cos  <2 

(D)  y(.)  is  zero  for  a>s  >2,  but  nonzero  for  co2  <2 


where  h(t)  is  shown  in  the  graph. 

Which  of  the  following  four  properties  are 
possessed  by  the  system  ? 

BIBO:  Bounded  input  gives  a  bounded  output. 
Causal:  The  system  is  causal, 

LP:  The  system  is  low  pass. 


The  unit  step  response  of  an  under-damped  second 
order  system  has  steady  state  value  of  -2.  Which  one  of 
the  following  transfer  functions  has  these  properties  ? 


(A) 

(C) 


-224 

s2  +  2.59s  +  1.12 
-224 

s2  -2.59s  +  1.12 


(B) 


-3.82 

s2  +  1.91s  +  1.91 


(D) 


-382 

s2  -1.91s +  1.91 


LTI:  The  system  is  linear  and  time-invariant. 
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iii;;  A  discrete  random  variable  X  takes  values  from  1  to 
5  with  probabilities  as  shown  in  the  table.  A  student 
calculates  the  mean  of  X  as  3.5  and  her  teacher 
calculates  the  variance  of  X  as  1.5.  Which  of  the 
following  statements  is  true  ? 


k 

1 

2 

3 

4 

5 

P{X=k) 

0.1 

0.2 

0.4 

0.2 

0.1 

(A)  Both  the  student  and  the  teacher  are  right 

(B)  Both  the  student  and  the  teacher  are  wrong 

(C)  The  student  is  wrong  but  the  teacher  is  right 

(D)  The  student  is  right  but  the  teacher  is  wrong 


(D)  j  = 


B0z 

bo 


r  *  0 


^3  A  transmission  line  terminates  in  two  branches, 
each  of  length  XI 4,  as  shown.  The  branches  are 
terminated  by  500  loads.  The  lines  are  lossless  and 
have  the  characteristic  impedances  shown.  Determine 
the  impedance  Zj  as  seen  by  the  source. 


47  A  message  signal  given  by 


1  n(t)=\  —  cos  v\t  - 


sin  <xt2t 


is  amplitude-modulated  with  a  carrier  of  frequency 
ooc  to  generate 

s(t)=Ll  +  m(t)]cos  <j\t 

What  is  the  power  efficiency  achieved  by  this 
modulation  scheme  ? 

(A)  8.33%  (B)  11.11% 

(C)  20%  (D)  25% 


2  A  communication  channel  with  AWGN  operating  at 
a  signal  to  noise  ratio  SNR  »  1  and  bandwidth  B  has 
capacity  C1.  If  the  SNR  is  doubled  keeping  B  constant, 
the  resulting  capacity  C2  is  given  by 
(A)  C2  =2C,  (B)  C2  =  C,  +  5 

(C)  C2  =  C,  +  2 B  (D)  C2  =  Cx  +  0.3 B 

A  magnetic  field  in  air  is  measured  to  be 


(A)  2000  (B)  1000 

(C)  500  (D)  250 

Common  Date  Questions 

Common  Date  for  Questions  51  and  52: 

Consider  a  silicon  p-n  junction  at  room 
temperature  having  the  following  parameters: 

Doping  on  the  n-side  =  lx  1017  cm  :i 
Depletion  width  on  the  n-side  =0.1  pm 
Depletion  width  on  the  p-side  =1.0  pm 
Intrinsic  carrier  concentration  =  1.4  x  1010  cnT3 
Thermal  voltage  =26  mV 
Permittivity  of  free  space  =  8.85  x  10  14  F.cm  1 
Dielectric  constant  of  silicon  =  12 

ETBTbe  built-in  potential  of  the  junction 

(A)  is  0.70  V 

(B)  is  0.76  V 

(C)  is  0.82 

(D)  cannot  be  estimated  from  the  data  given 


B=  B, 


x2  +  y2 


y  - 


X2  +  y2 


What  current  distribution  leads  to  this  field  ? 

L  Hint  :  The  algebra  is  trivial  in  cylindrical  coordinates.] 
1 

2  ,  2 


(A)  ~j  =  — ^ 


(B)  7  =  -^ 


Po  V*  +y 
2 


Po  v*z  +  y2 


\,  r*0 

Lr*0 


^3  The  peak  electric  field  in  the  device  is 

(A)  0.15  MV  .  cm-1,  directed  from  p-region  to  n-region 

(B)  0.15  MV  .  cm4,  directed  from  n-region  to  p-region 

(C)  1.80  MV  .  cm4,  directed  from  p-region  to  n-region 

(D)  1.80  MV  .  cm4,  directed  from  n-region  to  p-region 

Common  Data  for  Questions  53  and  54: 
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The  Nyquist  plot  of  a  stable  transfer  function  G(s) 
is  shown  in  the  figure.  We  are  interested  in  the  stability 
of  the  closed  loop  system  in  the  feedback  configuration 
shown. 


IU  Which  of  the  following  statements  is  true? 

(A)  G(s)  is  an  all-pass  filter 

(B)  G(s)  has  a  zero  in  the  right-half  plane 

(C)  G(s)  is  the  impedance  of  a  passive  network 

(D)  G(s)  is  marginally  stable 


!23  The  gain  and  phase  margins  of  G(s)  for  closed  loop 
stability  are 

(A)  6  dB  and  180°  (B)  3  dB  and  180° 

(C)  6  dB  and  90°  (D)  3  dB  and  90° 


Common  Data  for  Questions  55  and  56: 

The  amplitude  of  a  random  signal  is  uniformly 
distributed  between  -5  V  and  5  V. 


Consider  the  CMOS  circuit  shown,  where  the  gate 
voltage  VG  of  the  n-MOSFET  is  increased  from  zero, 
while  the  gate  voltage  of  the  p-MOSFET  is  kept 
constant  at  3  V.  Assume  that,  for  both  transistors,  the 
magnitude  of  the  threshold  voltage  is  1  V  and  the 
product  of  the  trans-conductance  parameter  and  the 
(W/L)  ratio,  i.e.  the  quantity  [iCax(W  /  L),  is  1  mA  .  V  2. 


5  V 


For  small  increase  in  VG  beyond  1  V,  which  of  the 
following  gives  the  correct  description  of  the  region  of 
operation  of  each  MOSFET  ? 

(A)  Both  the  MOSFETs  are  in  saturation  region 

(B)  Both  the  MOSFETs  are  in  triode  region 

(C)  n-MOSFET  is  in  triode  and  p-MOSFET  is  in 
saturation  region 

(D)  n-MOSFET  is  in  saturation  and  p-MOSFET  is  in 
triode  region. 


^2  If  the  signal  to  quantization  noise  ratio  required  in 
uniformly  quantizing  the  signal  is  43.5  dB,  the  step  size 
of  the  quantization  is  approximately 
(A)  0.0333  V  (B)  0.05  V 

(C)  0.0667  V  (D)  0.10  V 

I' 'l'|  If  the  positive  values  of  the  signal  are  uniformly 
quantized  with  a  step  size  of  0.05  V,  and  the  negative 
values  are  uniformly  quantized  with  a  step  size  of  0.1  V, 
the  resulting  signal  to  quantization  noise  ratio  is 
approximately 

(A)  46  dB  (B)  43.8  dB 

(C)  42  dB  (D)  40  dB 

Linked  Answer  Questions 

Statement  for  Linked  Answer  Questions  57  and  58 


WWW.! 


Estimate  the  output  voltage  V0  for  VG  =  1.5  V. 

[Hint  :  Use  the  appropriate  current-voltage  equation  for 
each  MOSFET,  based  on  the  anser  to  Q.  57.] 

Statement  for  Linked  Answer  Questions  59  and 
60: 

Two  products  are  sold  from  a  vending  machine, 
which  has  two  push  buttons  Px  and  P2.  When  a  button  is 
pressed,  the  price  of  the  corresponding  product  is 
displayed  in  a  7-segment  display. 

If  no  buttons  are  pressed,  ’0’  is  displayed, 
signifying  ’Rs.  O’. 

If  only  P1  is  pressed,  ’2’  is  displayed,  signifying  ’Rs. 

2’. 

If  only  P2  is  pressed,  ’5’  is  displayed,  signifying  ’Rs. 

5’. 

If  both  P1  and  P2  are  pressed,  ’E’  is  displayed, 

signifying  ’Error’. 
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